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Iiexamethylenetetramine oxide, (CII2 GN.10, was made by reacting
hexamethylenetetraminc, (CII2)6N4, with 30C' aqueous Ilydl'ogen peroxide.
With reactants in a molar 1:2 ratio, a 1:1 adduct of Ilexalnetllyleiietetramiiic
oxide with forrmic acid was obtained at above 300C, and a 1:1:1 adduct of
hexametliylenetetramine oxide, hydrogen peroxide, and water was obtained
below 20C C. Other acid adducts were prepared by adding the corresponding
acids to etllanolic solutions of hexamethylenclueuraminc oxide.
Despite the weak basicity of amine oxides as compared to their parent
amines, formic acid links. to the oxygen atoll, or llexaalnethylenc-te tramilte
oxide ill the adduct by a strong hydrogen bond. however, there is no
proton transfer as the two C-0 boild.s( 1.200(4) and 1.281(4)) in the
formic acid moei ty are, not equal.
In the 1:1:1 adduct of I1exallletltylenetetrallline oxide, hydrogen peroxide
and water, the three molecular components are linked by hydrogen bonds
in a two-dimensional network. Again, oxygen of llexametllyletletctrrtllllne oxide
instead of the bridge-head nitrogens serves as acceptor in hydrogen bond
f ormation.
Three groups of C-N bonds were obscrvecl ill hiexaIIIC t11ylelle to tI'r1In111e Oxide.
Group 1 bonds, which involve the formally posi Live qua ternary IIi Lrogetl,
1asz an average value of 1.528 ,while group 2 bonds, which are
next to group l honds, vane a mean value of lethe Normal boud
lengths were found for group 3 bonds that are furthest from the alpine oxide
group the average value of 1.476 is in good agreement with the value of
1.476(2) observed in llexanlethvlenetetranlille, the parent compound.
3The crystal structure of liexaiiietlly-Ieiietet vainirie oxide was deduced from
packing analysis and was confirmed by qualitative agreement with some
diffraction data. Despite i Ls lower svmmc Lrv of C3V,this coml)otind bears
close resemblance to its parent amine (hexamethylenetetraminc, molecular
symmetry td) in regard to crystal packing.
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I. INTRODUCTION
1.1 Survey on the reaction of hexamethyl-enetetramine and hydrogen peroxidi
Hexamethylenetetramine, 64' was rsk made by Butlerow in
1859 by reacting formaldehyde with ammonia in aqueous solution.
The structure as determined by X-ray diffraction0 is a rigid, unstrained
cage of symmetry T (43m) (Fig.l).
Fig. 1 Structure of hexamethylenetetramine, (CH) N,
Hexamethylenetetramine is widely used for pharmaceutical purposes'
and in industrial processes. It is also known by such names as hexamine,
aminoformj formin, hexamethyleneamine, urotropine and methenamine. In
most instances hexamethylenetetramine functions as a source of formaldehyde
as in the production of phenolic resins°. As a tertiary amine it is
capable of forming acid adducts and molecular complexes with other Lewis
acids.
Legler, Girsewald and Marotta studied the reaction of hexamethylenetetra
and hydrogen peroxide inconcentrated acid medium and obtained hexamethylere„
triperoxidediamine (HMTD) in almost quantitative yield' 2a'.
HMTD is soluble in benzene, acetic acid and chloroform. The solid in a dry
state is extremely explosive.
The second reported product' was a 1:1 adduct of liexamethylenetetramiri€_
with hydrogen peroxide prepared from a mixture of the two reagents
concentrated by low temperature (below 500) evaporation. A small amount
of acid helps to enhance the product stability..
1.2 Amine oxide formation
Tertiary aliphatic amines are easily oxidized to amine oxides by
hydrogen peroxide, hydroperoxides, peracids and ozone. Wieland examind
the reaction of tertiary amines and hydrogen, peroxide. He suggested that
an ammonium peroxide is formed initially, which decomposes to the
corresponding amine oxide when the temperature is raised.
The possibility of this route is supported by the formation of ammonium
peroxide from ammonia and jnire hydrogen peroxide
Oswald and Guertin provided strong evidence for this mechanism by
preparing the trietliylenediamine- hydrogen peroxide adduct which is
stable only at low temperature and starts to decompose at 60°C giving
the triethylenediamine dioxide dihydrate.
Triethylenediamine dioxide dihydrate easily loses one of its crystal
waters giving a hygroscopic monohydrate.
Trimethylamine oxide, triethyfamine oxide and tripropylamine oxide
have also been prepared from aliphatic amines and concentrated hydrogen
peroxide, while the trialkylamine hydrogen peroxide adducts are unstable
and expected to exist only at low temperature (about -50 C).
In the present work, three crystalline compounds were isolated from
the reaction mixture of hexamethylenetetramine and hydrogen peroxide.
While one of the products was expected to be hexamethylenetetramine oxide,
the identities of the other two were hitherto unknown. X-ray structural
studies showed that the three reaction products should be formulated as
(CH2)6N40, (CH2)6N40,HC00H, and (CH?)0.H,,0g.HgO,
I.-3 Structural significance of hexamethylenetetramine oxide
Caron et ah determined the molecular and crystal structure of
trimethylamine oxide in 1964. The observed C-N bond length of 1.477(6)
is in excellent agreement with the corresponding values of l„478(ll)A
in trimethylhydroxyammonium chloride' and 1.4-74(5 jA in (X--glycine
However, the C~N bond length of 10495(6)A after libration correction shows
a significant elongation in comparision with the C-N bond of 10455(2)51
observed in trimethyfamine and the value of about 1„5()X for quaternary
nitrogens suggested by Hahn in a literature survey in 1957.
Fig. 2 Different groups of C-N bonds in
hexamethylenetetramine oxide
Hexamethylenetetramine oxide is a good model system for studying
the effect of substitution on cage geometry. There are three different
groups of C-N bonds in the molecule (Fig.2). Group 1 bonds are directly
linked to the amine oxide functional group and under strong influence
of the formally positive quaternary nitrogen atom. Group 2 bonds may be
affected to a certain extent but group 3 bonds should be virtually the
same as the corresponding C-N bonds in hexamethylenetetramine and serve
as an internal C-N bond standard.
The basicity of amine oxides was the subject of much debate in the
past. Stewart and Maeser found that trimethy1amine oxide was less
basic than its parent amine from a measurement of the pKa values.
Later work on this subject also showed the same trend, and that the
basicity of aliphatic amine oxides remain practically unchanged despite
the large difference in basicity for the parent amines (Table l)~J.
Table 1. Dissociation constants of aliphatic
amines and their oxides
In spite of their weak basicity, amine oxides form adducts with many
acids. Adducts of perchloric acid, hydrochloric acid, picric acid and
hydrogen peroxide with trimethylamine, triethylenediamine and other
trialkylamine oxides have been reported'.
Hexamethylenetetramine oxide provides a unique situation in which both
the bridge-head nitrogen atoms and the amine oxide function may serve as
acceptors in hydrogen bond formation. It is also of interest to know
whether proton transfer has taken p1ace in forming acid adducts (Fig. 3).
11A I IB
Fig. 3 Different sites and nature of attachment
IA and XXA: molecular compound with
unequa1 C-0 bonds
IB arid I IB: ionic compound with equal
C —-0 bonds
1.4 Aim of present research
Relative little research work has been done on the reaction of
hexamethylenetetramine and hydrogen peroxide in aqueous solution. The
reported 1:1 adduct seems unlikely as most aliphatic amine-hydrogen
peroxide adducts are unstable at room temperature. In the present
studies, hexamethylenetetramine oxide and its acid adducts were prepared
and structurally investigated by X-ray diffraction methods.or packing
analysis in order to study the following points:
l). The variations of C—N bonds in hexamethylenetetramine oxide from
normal C~N bonds.
2). The site of attachment and the question of proton transfer in the
formic acid, ad duct.
•3). The crystal and molecular structure of the hydrogen peroxide adduct at tte
question of whether the amine or the amine oxide functions as an
acceptor in hydrogen bond formation.
4). The relationship between hexamethylenetetramine and its oxide in
regard to the crystal packing.
II. SYNTHESIS OF I-IEXAMETHYLENETETRAMINE OXIDE AND ITS ACID ADDUCTS
II.1 Hexamethylenetetramine oxide
Impure samples were obtained by oxidizing hexamethylenetetramine
with an excess of 30% aqueous hydrogen peroxide. The resulting viscous
syrup was left in an oven at about 30 C for a few days. Powdered MnOp was
then added to decompose the excess hydrogen peroxide and the solution was
filtered and concentrated by vacuum evaporation below 40 C. The crude
hexamethylenetetramine oxide precipitated out upon standing was
contaminated with hexamethylenetetramine and was difficult to purify.
Pure amine oxide free from the parent amine and suitable for X- ray
analysis was prepared from a 1:2 mixture of solid hexamethylenetetramine
and 30% hydrogen peroxide. The colorless solid crystallized upon standing
in a refrigerator and was subsequently isolated and dissolved in absolute
ethanol. After the excess hydrogen peroxide had been decomposed by powdered
MnO, the ethanolic solution was filtered and concentrated by vacuum
evaporation at room temperature. Hexamethylenetetramine' oxide was obtained
in the form of colorless, lustrous, odourless, hygroscopic crystals melting
at 210 C with decomposition. It partially converted to hexamethylenetetramine
after prolonged heating above 100 C
II.2 Hexamethylenetetramine oxide- hydrogen peroxide monohydrate
The adduct of stoichiometry (CH) „N 0. H O. II a0 was obtained by adding
equal molar quantities of 30% hydrogen peroxide to pure hexamethylenetetramiJ
oxide. The adduct precipitated out on standing was isolated and stored
under n-hexane. An alternative convenient way of preparing the adcluct
starts with a 1:2 mixture of pure hexamethylenetetramine and 30$
aqueous hydrogen peroxide. The mixture was poured into a large petri
dish and left overnight in dry and cool place (below 20 C). The large
surface area provides sufficient cooling for the slight exothermic
reaction leading to the formation of amine oxide. The crystalline adduct
precipitated out in the form of thin prisms was colorless and hygroscopic.
It decomposes readily at room temperature and must be kept in the
refrigerator under n—hexane.
II,3 Hexamethylenetetramine oxide— formic acid adduct
Formic acid adduct was prepared by adding pure formic acid to an
ethanolic solution of hexamethylenetetramine oxide or its monohydrated
hydrogen peroxide adduct. Good colorless crystals formed easily.
The formic acid can also be generated in the reaction system. A 1:2
solution of pure hexamethylenetetramine and 30% aqueous hydrogen peroxide
was placed in an oven at about 30 C. After an exothermic and self-
catalytic reaction giving off ammonia had taken place, the colorless
adduct was separated and washed with a small amount of absolute ethanol.
10
IIexamethylenetetramine oxide- formic acid adduct is colorless, hygroscopic
crystal. in the form of long prism. It starts to decompose at 115°C
and partially converts to hexamethylenetetramine at above 200°C.
II.4 Other acid adducts
Other acid adducts were prepared by adding corresponding acids to
the ethanolic solutions of pure hexamethylenetetramine oxide. Picric
acid adduct precipitated quickly and almost quantitatively while the
acetic acid, chloroacetic acid, trichloroacetic acid and 2,4-dinitro-
phenol adducts were obtained by concentrating the ethanolic mixture
under vacuum evaporation. It is important to avoid heating of the
reaction mixture as the amine oxide readily decomposes under acidic
condition.
Adducts of hexamethylenetetramine oxide usually decompose at about
150°C without melting and easily convert to hexamethylenetetramine
at higher temperature. The decomposition point for acetic acid, chloro-
acetic acid, dichloroacetic acid, trichloroacetic acid, picric acid,
2,4-dinitrophenol and phenol adducts are 152.5, 113.5, 129.22 152.2,
163.5, 158,0 and 155.0°C respectively.
III. CHARACTERIZATION OF THE REACTION PRODUCTS
III.l Infrared spectra
23
The infrared absorption bands of hexamethylenetetramine have been
fully assigned and the result is listed in table 2,
Table 2. Assignment of infrared bands for
hexamethyIen e t e t ramine
Species Ring CIl group

















2890,2967 1462 1372 812
The IR spectra of hexamethylenetetramine oxide and its molecular adducts
are similar to that of hexamethylenetetramine except the splittings of some
absorption bands (Fig„4). The N-0 stretching (950-970cm for aliphatic
amine oxides) appears near lOOOcm1. The 0-0 stretching in monohydrated
hydrogen peroxide adduct is weak and obscured by skeleton vibrations, fW
carbonyl stretching frequency in the formic acid adduct (1728cm1)is lowered
upon absorption of moisture and appears at 1606 cm 1 in KBr pellet (Fig. 5),
A reaction was noted when aqueous formic acid adduct was added to the
KBr pellet.
WAVELENGTH cm 1
Fig. 4 IR spectra of (a) (CHO and (b) (CH,)gN 0.H20o .iO
recorded in paraffin
WAVELENGTHE cm1
Fig. 5 IE spectra of (CHgJgNO .IIC00H. (a) recorded in paraffin
(fast scanning of freshly prepared sample); (b) recorded in paraffin;
(c) recorded in KBr pellet.
III. 2 Nuclear magnetic resonance fcra
The methylene hydrogens of hexamethylenetetramine absorb in the b =4.5
region as a sharp singlet, The introduction of an amine oxide group in
hexamethylenetetramine lowers the molecular symmetry and separates the
12 hydrogens into three distinguishable groups. Fig.6 shows a typical
NMR spectrum, of hexamethylenetetramine oxide or its adducts. The position
of the sharp singlet A, which results from proton H, varies depending
ct
on the nature of the acid component.
Fig. 0 assignment for NMR spectrum of hexamethylenetetramine oxide
formic acid adduct. Peak D results from the nn-BCidiC Hi] aCronn.
t?y -fr rendd AcukL Kl
Although H, and IF situated in slightly different environments.bl 1)2'
the long term interaction is relatively weak and a broad peak is produced
in about the same region as tkt, c-r the methylene hydrogens of the
parent amine. Peak B is the solvent peak of Do0 and it is more intense
for highly hygroscopic adducts (Table 3),
ABCD
Table 3. NMR b ands of hexaraethy1enetetramine
oxide adducts
the component in the adducts other than hexamethylenetetramine oxide
positions are in$ unit (ppm) and 6H is assigned to peak A
NMR done in DMS0-4R
solvent peak of DMSO-D
NB. NMR hands of (CH )0N 0 appear at 4.72(6Il), 4.53(6H) and. 4. 78 (1. 7H).
III.3 Other chemical methods
Elemental analysis of hexamethylenetetramine oxide- formic acid adduct
agreed with the calculated result but poor agreement was found for the
monohydrated hydrogen peroxide adduct. It is obviously due to
decomposition before analysis. The measured and calculated values are
listed below:
done by Australian Microanalytical Service, CSIRO Division of
Applied Organic Chemistry and University of Melbourne
The hygroscopic property of hexamethylenetetramine oxide and the
acid adducts is typical of aliphatic amine oxides. The formulae of the
adducts were further tested by means of chemical interconvertion
the adducts.
A) monohydrated hydrogen peroxide adduct librates oxygen in the presence or-
powdered MnO giving the anhydrous amine oxide:
B) monohydrated hydrogen peroxide adduct, if dissovled in water, converts
to formic acid adduct upon heating:
C) monohydrated hydrogen peroxide adduct was prepared from the amine oxide
by adding 30fo hydrogen peroxide to the ethanolic solution of amine
oxide:
D) Formic acid adduct precipitates out from the ethanolic solution
of monohydrated hydrogen peroxide adduct and pure formic acid:
E) Formic acid adduct was prepared from pure hexamethylenetetramine oxide
F) Hexamethylenetetramine oxide and its molecular adducts all give
the same picric acid salt in almost quantitively yield:
G) Only the monohydrated hydrogen peroxide adduct can oxidize hydroquinone
in aqueous or ethanolic media:
II) Hexamethylenetetramine oxide and its molecular adducts decompose after
prolonged heating at above 100 C giving hexamethylenetetramine and
other products:
Furthermore, the stoichiometric ratio in formic acid adduct was tested
by titration with sodium hydroxide. The adduct behaves as a monobasic
acid giving rise to a typical strong base- weak acid titration curve.
0.1 M formic acid adduct and 0.1 M NaOH in aqueous medium were used and
the result is shown in Fig. 7. The end point corresponds to a pll value
of about 9 and the calculated molecular weight of 206.4 is in reasonable
agreement with the expected value of 202.215. Positive error is recognized
as the result of moisture in the samole.
Fig® 7 Titration of 0.1 M formic acid adduct
with 0 o1 M sodium hydroxide s olution
IV. CRYSTAL DATA OF THE THREE REACTION PRODUCTS
IV.1 X-ray equipment and materials
Major research equipment and materials for structure analysis are
list e d b e1ow
Philips PW 1008 X-ray generator
Philips fine focus X-ray tube with copper anode
Ste non-integrating Weissenberg cameras
Kodak 'No-Screen Medical' X-ray films
Light-box and film measuring device
Ernst Leitz Wetzler polarizing microscope
IV.2 Crystal mounting technique
Air-sensitive andor hygroscopic crystals used for X-ray experiments
are usually protected from oxygen and moisture by keeping them in quartz
capillary tubes filled with spectroscopic grade n~hexane (Fig. 8).
Fig. 8 crystal, mounting for air-sensitive compounds
The random molecular orientation in quartz and n-hexane produces no
diffraction pattern but makes the negative films slightly darker as ther
scattering of X-ray radiation does occur. However, this method did not
work well in our experiments because of the extraordinarily high
hygroscopic nature of the crystals under investigation. Absorption
of moisture, even in minute amount, will provide enough space for the
crystal to rotate or translate in the capillary tube during data collection
and thus cause serious error in crystal alignment. Hence, a new mounting
technique for highly hygroscopic materials was developed by replacing
n-hexane with wax of low molecular weight. This method is advantageous
in several aspects;
l) suitable for hygroscopic andor air-sensitive samples such as
hexamethylenetetramine oxide, hydroquinone- methylcyanide clathrate,
and trimethyIsulfonium fluoride monohydrate.
2) capable of keeping crystals in fixed positions.
3) choice of sealing material becomes less important.
4-) can be handled easily
However, this method does have a disadvantage in another respect. As
the molecular orientation wax has a certain degree of regularity,
especially at low temperature, it causes diffraction of X-ray radiation
similar to the pattern of the powder method. Fortunately, these 'powder
lines' on X-ray films only affect a few low order reflexions and are
tolerable in view of the many a.dvantages of the method.
Two mounting procedures are usually employed:
A) For thermallv-stable samples
A suitable crystal selected under n-hexane in a petri dish was placed
in a quartz capillary tube with both ends open. A stream of molten
wax was introduced from another capillary tube as shown in 'ig. 9.
While the wax was kept molten by warming with a hair drier, the
crystal was positioned in the desirable orientation. Both ends of
the capillary were sealed with adhesive in order to exclude any
air residue. In practice, no sealing is needed if the temperature
does not change very much during the experiments.
(a) (b) (c) (d)
Fig, 9 The new crystal mounting technique for
hygroscopic andor air-sensitive samples
(a) The crystal is placed in capillary tube
(b) The tube is filled with wax
(c) The crystal is turned into desirable position
(d) Both ends of the tube are sealed with glue
B) For thermally-unstable samples:
The capillary tube was first filled with wax as before without the
crystal. The crystal, which was handled and selected under n-hexane,
was then pushed into the tube and adjusted to a. desirable position
with a finely drawn glass rod. Finally the open ends of the tube were
sealed with glue.
IV,3 Crystal data
The monoclinic unit cell constants as determined from high-angle
reflexions on zero level Weissenberg films calibrated with sodium chloride
powder lines and refined by least-squares method are listed in Table 4
together with other pertinent data.
Linear absorption coefficient for X-rays; is calculated with the
expression:
where density of the crystal
weight fraction of i element in the compound
mass absorption coefficient of i element for
wavelength of radiation used (l0 54182. for C xiiL)
Space group Cm is chosen for hexamethylenetetramine oxide although
C2 and C2m are also consistent with the observed systematic absences.
From the number of molecules in the unit ceil (Z=2), the correct space
group is deduced as Cm and the amine oxide molecule occupies special
position 2a of point symmetry C (m) in the crystal (Fig.10).
Fig.10 Hexamethy1enetetramine oxid e
molecular symmetry C(3m),
site syiimietry in c rys tal C (m}
Table 4 Crystal data of the reaction products of
hexamethylenetetramine and hydrogen peroxide
C ompound h exame thy 1 e 11 e t e t ram i n e t h o f o rm i c a c i d 11 i e in o n. o hy d r a t e d
hydrogen peroxi de¬
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V.l Data collection
Intensity data were collected about a for Ok 1- 0k(; levels and about
b for liOJ.- h6 levels on multiple films by the equi-inc linati on Weissenberg
method using CuKo6 radiation. A crystal of dimensions 0«80mm x 0.62mm x
0.50mm (needle axis) was mounted perpendicular to the needle axis, with
the 0,80mm side lengthwise, which was identified as the a axis. Another
crystal of dimensions 0•95mm x 0o70mm(needle axis) x 0,55mm was mounted
along the needle axis which was the b axis. As diffraction data were
taken from two crystals of different size and shape, two calibrating
strips were used. Each strip was prepared by exposing successive portions
of the film to a particular reflexion of typical shape with regular
increases in time duration. The intensities were estimated visually
under the assumption that the time of exposure, quanta of radiation
absorbed, density of silver deposited and opacity on film bear linear
relationships. Finally, the measured intensities of each level were scaled
with reference to common reflexions on different films, and the relative
values ranged from 1 to 10,000.
V.2 Data reduction
A number of factors affect the relative intensities of reflexion data.
The Lorentz factor x corrects for the time spent by a point in passing
through the sphere of reflexion and has the form
where 0 is the angle of reflection and J, is the equi-inc 1 ination angle.
The polarization factor accounts lor the different efficiency of
diffracted X-rayy as a function of the reflection angle because the
radiation is usually partially polarized. An electric vector parallel to
the plane of reflection has a greater efficiency than that normal to the
plane. 0
Combination of these two factors gives the Lorentz-polarization factor
(LP) which relates the structure factors to the observed intensities by
the expression:
where K is a scale factor.
Spots on the upper part of a Weissenberg photograph are usually extended
while those on the lower part contracted This type of spot shape
variation was estimated visually but absorption correction was neglected.
V.3 Interlayer scaling of intensities
Reflexion intensities after data reduction were scaled up by the
least-squares interscaling procedure of Hamilton, Rollet and Sparks,
and a self-consistent set of structure amplitudes for 2031 observed and
•382 unobserved data was finally deduced.
Y.4 Structure analysis via the direct method
The direct method estimates the phase values from the knowledge
of the structure factor amplitude alone and is particularly suitable
for centrosymmetric space groups with no heavy atoms in the unit cell.
A set of normalized structure factor' was derived from the structure
amplitudes for use in calculating the probability in phase determining
Parameters A, B, C and the statistical distribution of the normalized
structure factors calculated by a Fortran IV program KCURVE are listed
in Table 5
Table 5 Statistical distribution of E
formulac.
A total of 375 normalized structure factors with values greater
than 1.25 wa used and 2000 unique phase relationships were developed
using the multi-solution program MULTAN''„ Four self-consistent sets
of phases were set up with absolute figures of merit of 1.2149, 1.0451,
1.0314 and 1.1452 The origin fixing reflexions were (l,5,-ll),
(4,4.-2l), (7,2,-13) and additional reflexions in the starting set were
(2,0,12) and (2,6,6).
V.5 Three dimensional E-map
A three dimensional E-map for the first set of phases from MULTAN
was calculated using a modified version of the Fortran IV program
F0RDAP. All 14 non-hydrogen atoms were resolved, and their positional
parameters are listed in Table 6.
Table 6• Positional parameters and assignment of
peaks frem E-map
V, 0 Leas t~squares ref i 11 eme 111;
The assigned non—hydrogen atoms we're used as input tor full-matrix
least-squares refinement with initial isotropic temperature factors of
B=3.oS. Three cycles of isotropic least-squares refinement with the
program LALS written by Gantzel, Sparks and Trueblood'J reduced the
residual index R from 0„54 to 0.19.
Further cycles of anisotropic refinement with another program RGLS,
a revision and rewrite of Doedens-lbers NUGLS, gave a minium R value
of 0.118, Crucikshank's weighting scheme' was used throughout the
refinement with the weights in the form:
where F. and F were assigned values of 1.0 and 145.0 respectively.
V.7 Final atomic parameters
Methylene hydrogen atoms of the hexamethylenetetramine oxide moiety AM
in A Yiatr ACidiC hydrogen of the formic acid were generated by a program
GHMC based on an algorithm similar to that given by Rollett. A final
cycle of anisotropic refinement including hydrogen atoms gave a. R value
of 0o 105. The ca 1 cu 1 ated and observed s tr 11 c ture f ac tors are listed in
Appendix A and the atomic parameters are given in Table?-
Table 7 Final positional parameters witli
standard deviations in parentheses
Temperature factors are tabulated in Table 8. The expression for
the general temperature factors (U..) is the following:
Another expression j3..) encountered in computer programs is
Table 8
Thermal parameters (3.. and U..) with standard deviations
f ij ij-
f o r i 11 pa r en th e s e s
Atom
4
Temperature lac tor( xlO


























































































































































































































V.8 Description and discussion on the crystal and molecular structure
The compound is a 1:1 molecular adtluc t of hexainc thylene tetramine oxide
and formic acid. Ilexamethylenetetramine oxide, like its parent molecule,
is in the form of an unstrained cage. Its lower C (3m) symmetry is
caused by the ox3'gen atom which binds to one of the four nitrogens by
a dative bond. Table 9 gives the bond distances and angles with their
estimated standard deviations. As described in 1.3, three groups of C-N
bonds in different environments result from the influence of the polar
N-0 group. Group 1 C-N bonds, which link to the positive quaternary
N(l) atom, elongate to an average value of 1.523a and can be compared
to the elongation of C-N bonds observed in trimethylamine oxide by Caron
et al.. In a related study of the amount of y, -bonding in phosphorus-
oxygen and sulfur-oxygen bonds, Tyssee' found a large J from C NMR
for trimethylamine oxide similar to that found in tetra-substituted
ammonium salts. The percentage s character in C-H bonds, which is
calculated from the coupling constant, is larger than that derived from
normal methyl groups in trimethylamine. The richer s character in C-H
bonds implies enhanced p character in C-N bonds which in turn accounts
for the C-N bond elongation. Group 2 C-N bonds, as expected from the
above reasoning, are shortened to an average value of 1.4363.. fhe
group 3 C-N bonds, which are far from the amine oxide functional group,
have a mean length of 1.476a and show excellent agreement with the average
C-N bond of 1.476(2)a observed in hexamethylenetetramine. This
coincidence, probably not accidental, lends strong support to the observed
phenomenon of bond elongation and contraction in the proximity of the
amine oxide group.
T a b 1 o 9 B o n d lengths and bond angles i 11Aformic acid adduct,
with standard deviations in parentheses
The N-H) bond length of 10388(4)A in liexametliy 1 enetetramine oxide
moiety is nearly the same as that observed in trimethylamine oxide
(1.388(5)A), but is longer than that reported for trimethylamine oxide
hydrochloride (l.425(ll)A);. As the longer N40 bond in trimethyl¬
amine oxide hydrochloride was explained by the difference in the formal
charge between N —OH and N -0, the reaction product is expected to be
a mo 1 e cu 1 ar a dduc t wi thou t hy dr o g e 11 t r an s f e r.
Around N(l), which bears a formal positive charge, the averagey0-N-C
bond angle is larger than the average C-N-C angle. The formally negative
0(l) atom thus behaves like the lone pair in ammonia in regard to steric
repulsion. The average angle around tertiary nitrogens is 109.0 and that
around carbons is 110.7. These values agree with the corresponding values
of 107.2(1) and 113.6(2) in hexamethyienetetraraine and its molecular
adducts.
by a very strong hydrogen bond of 2.435(4)1 between 0(l)
and 0(2) (Fig.ll). Crystalline formic acid lias a linear chain structure
with C-0 bond lengths of 1.26(3) and 1.23(3)A as reported by Iloltzberg
in an X-ray analysis. The C-0 bond lengths in monomeric formic acid
as determined by electron diffraction are l«23(l) and l„36(l)X
However, the C-0 bonds are equal in formic acid salts (1.24-1.261) because
of the resonance effect. The formic acid molecule in the present adduct
is in a unique situation where the Oil group is involved in strong hydrogen
bonding while 0=0 bond remains intact. Difference in C-0 bond lengths
(l.28l(6) and 1.200(6)1) implies no hydrogen transfer in this adduct.
The formic acid moiety is attached to the hexamethy1enetetramine oxide
Fig. 11 Molecular dimensions of the
hexamethylenetetramine oxide- formic acid adduct
Fig. 12 Stereo view of crystal packing
approximately along b
Fig.11 gives the atom numbering and bond lengths in the adduct. Fig. 12
shows the crystal packing viewed approximately along b, The two different
molecular components are linked by an 0 (1). ..H--Q(2) hydrogen bond and
exist in the crystal lattice in pairs. All other interatomic sejiarations
correspond to normal van de Waals interactions.
The formic acid moiety lies approximately normal to the plane defined
by 0(l), N(l), C(3), N(z1-) and C(5) (Fig. 13). The plane-equation calculated
for these atoms by least—squares fitting is:
0.5189 X+ 0.3349 Y+ (-0.7865) Z= -0.0057
Distances of plane—defining atoms from the least-squares plane are 0.003,
0.004, 0.001, 0.001 and 0o000i, respectively. Plane equation for fcrvnui
acd piaeA-
0.0007 X+ 0,9528 Y+ 0.3037 Z= -0,0532
and the dihedral angle between these two plane is 85.4.
Fig.13 Stereo view of the adduct
VI. STRUCTURAL DETERMINATION OF liEXAMETHYLENETETRAMINE OXIDE-
HYDROGEN PEROXIDE MONODYPRATE
VI.1 Data collection and reduction
Reflexions of Ok- 6k levels about a and hOjL— h9Jl levels about b
were recorded on multiple-films by the equi-inclination Weissenberg
method as described in section V.l. As the compound is very hygroscopic
and decomposesreadily at room temperature, crystals were mounted in
quartz capillary tube filled with wax (see section IV.2) and cooled to
about 9 C with a hose leading to the freezer of a refrigerator. However,
decomposition at this temperature was still noticeable and 10 crystals,
each about 1mm x .5mm x .7mm in size, were used to collect all the data.
Intensities were estimated visually with the aid of several calibrating
strips and scaled in each level.
Spot-shape variations were estimated and Lorentz-polarization (LP)
factors were applied but absorption correction was neglected
Interscaling of diffraction data on different levels
became troublesome as some reflexions were relatively weak due to
decomposition. These ill-formed reflexions might have introduced serious
errors in the 17 scaling factors needed to deduce a self-consistent set
of structure factor moduli. The least-squares refined scale factors had
values ranging from 1 to 24.
VI.2 Structure analysis via the direct method
Since reflexions were recorded and indexed on a unit cell in
space group P2n, structure determination was performed m tus space
via the direct method and subsequently transformed the
conventional space group P2c later in the least-squares refinement.
A statistical distribution of normalized structure factor generated
by the program KCUIIVE is listed in Table 10. The results, though not
in complete agreement with the theoretical values, gave additional
proof to the space group assignment.
Table 10 Statistical distribution of normalized
structure factors
A total of 412 normalized structure factors greater than 1.24 were
used in direct phase determination with the program MULT ANT; 2000
unique phase relationships were established but no phases were determined
from the?.j formula. The origin fixing reflexions were (2,9,11), (4,2,7),
and (3,7,-3). aod. tKu ref4x ?u for sMrtfacf $cf ja( 2, C -l) 3 nd(£, C; 4.).
four self-consistent sets of phases were derived with absolute figures of
merit equal to 1.0993, 0.8084, 1.1155 and 0.8167 respectively.
Based on the third set of phases from MULTAN, a E map was calculated
from which all non-hydrogen atoms were located with their atomic types
assigned from chemical knowledge. Table 11 lists the peaks from the
three dimensional E map computed in space group P2n.
Table 11 Peaks from E map

























































NB. peaks are listed in decreasing peak height
VI.3 Least-squares refinement
Indices of reflection data and positional parameters of atoms from
the E map were transformed to corresponding values in space group
P2 c. Four cycles of isotropic refinement with the program LALS
reduced the K value to Q0i9. Further refinement with anisotropic
temperature factors hy another program EGLS (see section V.6) gave a
final R value of 0.141. Hydrogen atoms generated for the
hexamethylenetetramine oxide moiety did not significantly improve the
refinement. The positional parameters, temperature factors, bond lengths
and bond angles are tabulated in Tables 12 ,13 ,14 and 15 respectively.
Final calculated structure factors and observed structure amplitudes are
listed in Appendix B,
Table 12 Final positional parameters with
standard deviations in parentheses
Table 13




Atoms Temperature factors (xlO)





















































































































































































































































































































Angles around tertiary nitrogens
average 109.4°









































VI.4 Description and discussion on the crystal and molecular structure
The compound is a 1:1:1 adduct of TiexainethyXenetetramine oxide,
hydrogen peroxide and water. The amine oxide moiety of the adduct (Fig .14) h'v
the same general features as that of the formic acid adduct (see section V.8j
Average values of 1.529A, 1.440A and 1.479A for groups' 1, 2 and 3 C-N
bonds (see section 1.3) are close to the corresponding values of 1.528,
1.436 and lc476$l in the formic acid adduct. Atomic positions have not
been determined accurately because the crystal samples underwent
decomposition during data collection. Mean ,N-C-N and£C-N-C angles are
110.3 and 109.4 respectively, which are comparable to the corresponding
values for the formic acid adduct and the parent amine, (CH)gN.
The N~0 bond distance of 1„ 3 7 6( 6) A is comparable to the accepted
value of 1.388 Slid the short 0-0 bond length of 1«407(8)1 may be due
to the formation of strong donor hydrogen bonds by Hg0o. Js(xLiy, ±ha. 0-0
single bond length is about 1.48A and is contracted in hydrogen-
bonded adducts like hyperol, (li0p. (NH)C0)
Since diffraction data was not good enough for locating hydrogen atoms,
the Q-0-H bond, angle and the dihedral angle in hydrogen peroxide were
calculated under the assumption that 0-H bonds point to the same
direction as hydrogen bonds. The calculated angles are 107.2 and 130.4
respectively. The deviation (about 30) in dihedral angle from the
reported value for hydrogen peroxide can be rationalized as a necessity
in crystal packing which overcomes the rotation barrier.
Fig.15 shows the crystal structure viewed approximately along b.
The oxygen atom of the amine oxide, together with hydrogen peroxide and
water, form a puckered two-dimensional network by means of hydrogen
bonding. ITexamethylenetetramine groups protrude from both sides of this
3 1)£ hy S C-aorvl I) JL -to |cK0j-nz rcx
pv -tC- Mt pp.
Fig.14 Atom numbering and bond distances in
hexamethylenetetramine oxide- hydrogen peroxide monohydrate
O'JL$ 3-
-cA e o x c T a Cj'
() A.
.yrp cAj ci-
Fig,15 Expected proton positions ahd hydrogen-bonded
network
network, 3.ncl there are normal van der Waals interactions between
composite layers. In order to presenta clear picture of the hydrogen
bonded network, a stereo view of a layer of oxygen atoms is drawn in
Fig. J 6. Details of the hydrogen bonds with predicted hydrogen positions
are shown in Fig.}7. Comparison of 0-H...0 bond lengths (Table|4) shows
that hydrogen bonds involving hydrogen peroxide stronger than thosr
involving the water molecule.
Fig0 16 Crystal packing viewed approximately
along b
Tig. 17 Stereo view of hydrogen-bonded layer
of oxygen atoms along c_( the longest axis)
VII MOLECULAR PACKING IN CRYSTALLINE IIEXAMETHYLENETETRAMINE OXIDE
VII„1 Packing analysis
Packing analysis has been used in checking the parameters of
noribonded interatomic potential functions, calculating thermodynamic
quantities for molecular crystals such as the heat of sublimation or
energy barrier of molecular rotation, and estimating the packing energies
for hypothetical structures. In X-ray analysis, the method has been used
for the deduction of a sufficiently accurate trial structure for
subsequent refinement. If the molecule is completely rigid and. also in
a general crystallographic position, three rotational and three translations
parameters completely specify its position. If the molecule is intra-
molecularly flexible, then additional internal rotational parameters
around selected bonds within the molecule are needed to specify the
atomic positions.
The packing energy is the sum of all potential energies of noribonded
atomic interactions both attractive and replusive. A useful expression for
the nonbonded, interatomic potential function is Buckingham's equation:
where E.. is the interatomic potential energy for atom i and j, d.. is
the interatomic distance and p is a constant. Other simpler functions in
relation to the packing energy have been studied and found successful in
some cases.
Williams solved the crystal structure of dibenzoylmethane (C H 0r)
in 1966 by getting a trial structure from packing analjcsis. The packing
function G, which was defined as the function of six translational and.
rotational parameters of a molecular model of assumed dimensions in the
unit cell, was minimized to improve the crystal packing..
wh e r e expected minimum nonbonded distance and was assigned
values of 1.2, 1.8 and 1.4 for II, C, and 0 respective!
calculated interatomic distance for current model
with
( dibenzoylmethane)
VII.2 Preliminary examination of crystal packing from space group
symmetry
Hexamethylenetetramine oxide is a particular suitable example for
demonstrating the application of packing analysis in crystal structure
determination. It is a rigid cage compound of molecular symmetry C (3m).
Fortunately, its space group Crn ao d-eelucod from—sys-tema-tic absences
(see section IV.3) needs only one rotational parameter to define the
crystal structure. The Cm space group symmetry and the diagnosis of the
possible molecular rotation in this space group are shown in Fig. 18
and Fig. 19.
Fig.18 Space group Cm with origin on plane m;
unique axis is _b
Fig. 19 The only allowed rotation of rigid
body in space group Cm
Rotation about a or£ inevitably destroys the mirror plane symmetry as
the molecule of hexamethylenetetramine oxide occupies the special
position (2a) at (x,0,z). Translation along b is forbidden but translation
along a. or£, though allowed, produces no difference in packing structure
and is neglected.
VI1.3 Ma th ematic a1 method
The following packing function was used in the present study
where d is the sum of nonbonded radii between atoms, d is the
calculated interatomic distance shorter than d, and f is a multiple
factor for symmetry related molecules.
A molecular model of hexamethylenetetramine oxide was set up using
averaged bond lengths and bond angles from hexamethylenetetramine oxide
formic acid adduct. Group 1 C~N bond length was taken as 1.528A, group
2 C-N bond length as 1,4364, group 3 C-N bond length as 10 47 6A and N-0
bond length as 10 388A. It is convenient to put one atom. 1 j) at the
origin and rotate the molecule about b through the origin (Fig.20).
After each predetermined, rotation of a few degrees, the coordinates
of the molecular model with reference to the cartesian axes were
calculated and the symmetry related molecules within unit cell translations
were generated. In fact, 11 molecules were used and multiplied by a factor
f (Table 16) in order to give all interatomic distances around the
reference molecule.
Fig.20 Atom numbering and bond distances in
the molecular model
by translation of reference molecule at (0 0 0) with respect to
unit cell axes
To find the minimum value of G', the packing function related to the
packing energ3r, calculations were done from 0 to 180 in steps of 10.
The angle of rotation(©) corresponding to minimum G' value was refined
by the method of Th increment of© was reversed and ten¬
fold reduced when it oversliot the minimum.
VII.4 Result of pacliing analysis
A value of 129.4 corresponding to minimum G1 value was found for©,
the angle of rotation about b. The generated positional parameters for tl-Ud czictrts c
hexametliylenetetramine oxide are listed in Table 17 (Fig.2l).
Fig.21 G' as a function of
Validity of the positional parameters was .Ch4cced by comparing
the observed intensities with the calculated intensities qualitatively.
No serious deviations (abnormal!; strong or weak Un'tengft 1$) were found
for the data 011 hkO, hkl, liO'l, and hi! level Weissenberg films.
VII,5 Description and discussion of, the crystal packing structure
Adamantane, thiaadamantane and hexamethylenetetramine are some of
the few known organic molecules which crystallize in the cubic system'
These molecules have the molecular symmetry of T (43m). Crystalline
adamantane adopts a structure like tKe cubic closest packing of equal
spheres (Al)a° as no significant interatomic interaction between molecules
can exist except van derWaals attractions. Unlike adamantane, hexametliyl-
enetetramine has a crystal structure similar to body-centered cubic
packing of equal spheres (A2). Although the volume of structure per
sphere for body-centered cubic packing (6.16a') is larger than that of
cubic closest packing (5.66.1), hexamethylenetetramine prefers this
structure because there exist three nonbonded interaction with
sep ration of 3 .91 between nitrogen and carbons.
Introduction of an amine oxide group toto hexamethylenetetramine lowers
the molecular symmetry to CQ (3m) and the crystal symmetry to monoclinic.
However, crystal packing in hexamethylenetetramine oxide still has the
N...1I-C contacts between molecules as revealed from the packing analysis.
It was noticed that hOfl and hkO Weissenberg films for hexamethylenetetramin-e,
oxide resemble the zero level Weissenberg films for hexamethylenetetramine
about rotation axes of lengths 9.931. (,y2a) and 6, 08.1(; 3a2) respectively.
In other words, packing of hexamethylenetetramine oxide viewed along
b and£ closely match the corresponding packing of hexamethylenetetramine
viewed along its face and body diagonals as shown in Fig. 22} 23, 24 and
25. The most favourable way of packing hexamethylenetetramine molecules
is to place them one on top of the other along the C rotation axis
and this is also the mode of packing for hexamethylenetetramine oxide.
Fig.22 crystal structure of hexametliylenetetramine oxide
projected along b; packing with reference to the
framework shown in dotted lines is similar to that
in hexametliylenetetramine viewed along its face
diagonal (Fig.24)•
Fig. 23 Hexamethylenetetramine oxide projected along _c,
packing with reference to the framework in dotted
lines is similar to that in hexamethylenetetramine
viewed along its body diagonal (Fig.25)
Fig, 24 Crystal packing of hexainethylenetetramine
viewed along its face diagonal
Fig.25 Hexamethylenetetramine view along its body diagonal
Fig. 28 Packing in specific directions in the crystal structure
o f liexamethy 1 enet e tramine
In the crystal structure of hexamethylenetetramine, if the molecule
at body center is taken as reference, there are eight molecules around
it that have 'preferred' packing mode as described above, while the next
3ix closest neighbours situated in such a way that the methylene carbons
are lined up along the 4 axes (Fig. 26).
The same situation is found for hexamethylenetetramine oxide. If the
molecule at the origin is taken as reference, the eight closest neighbours
follow the 'preferred' packing mode and the next six closest neighbours
still have methylene carbons pointed directly to each other. However,
hexamethylenetetramine oxide has a larger density than that of parent
amine as expected.
In conclusion, though hexamethylenetetramine oxide has a lower
molecular symmetry than hexamethylenetetramine, it retains the 'preferred'
way of packing in which the protruding oxygen atom fits neatly into the
recess formed by three hydrogen atoms of a neighbouring molecule.
If an alternative monoelinic unit cell with constants: a'= 6.7661,
b!= 9 .454X, c 5= 5. 9 01A and 0= 112.50 is chosen, a distorted body— centered
unit cell reminiscent of the hexamethylenetetramine structure can be
seen (Fig. 27). The crystal structure of hexamethylenetetramine oxide
appears to substantiate the importance of 0...H-C hydrogen bonding,
whose existence is still the subject of much debate, in governing
the way of molecular packing in the crystalline state.
Fig„27 Change of unit cell in space group Cm
APPENDAGE
THE NEW LATTIC PARAMETERS OF HEXAMETHYLENETETRAMINE OXIDE
The proposed crystal structure of hexamethylenetetramine
oxide, as deduced from the packing analysis, indicates a three
fold axis along the Nl-01 bond. It was later found that this
compound crystallize in the trigonal system, space group Rg•
The new lattic parameters (hexagonal axes) are a=9.454(5)A,
c=6.766(4)A, Z=3, p =1.472gmcm and Q =1.487gmcm.
The calculated positional parameters, based on the bond
angles and bond distances in the hexamethylenetetramine oxide-
formic acid adduct, are listed below.
APPENDAGE (Cont.)
Atomic numbering of the proposed crystal
structure of hexamethylenetetramine oxide
APPENDIX A
Measured and Calculated Structure Factors
f o r
Hexamethylenetetramine oxide- formic acid adduct
(Each column contains values of h, k? i[, IGF, 10F,
Reflections with structure amplitudes marked with
asterisks were unobserved and were given intensity-







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































3 2 2 20 -18
3 2 3 89 -93
3 2 4 9 9 9 2
3 2 5 40 39
3 2 6 79 63
3 2 7 119 119
3 2 8 90 75
329 109 -102
3 2 10 29 25
3 2 11 56 -53
3 2 12 151 -155
3 2 13 178 162
3 2 14 13' 12
3 2 15 54 -58
3 2 16 11 -14
3 2 17 24 -15
3 2 18 39 32
3 2 19 43 45
3 2 20 16 -18
3 3 -23 61 75
3 3 -22 17 -19
3 3 -21 18 -9
3 3 -20 28 28
3 3 -19 29 —34
3 3 -18 69 72
3 3 -17 112 111
3 3 -16 141 134
3 3 -15 213 -207
3 3 -1.4 83 -87
3 3-13 105 -100
3 3-12 145 -145
3 3 -11 135 134
3 3 -10 138 -140
3 3-9 10 11
33-8 105 -106
3 3 -7 132 105
3 3 -6 120 95
3 3 -5 94- 79
3 3 -4 265 326
3 3-3 102 —85
3 3 -2 116 118
33-1 115 116
330 170 -180
3 3 1 31 24
3 3 2 52 51
333 210 -226
3 3 4 52 46
3 3 5 44 34-
3 3 6 153 149
3 3 7 78 -71
3 3 8 48 -47
3.3 9 24 4
3 3 10 128 -125
3 3 11 25 29
3 3 12 101 -97
3 3 13 87 86
3 3 14 24 0
3 3 15 11 1
3 3 16 21 20
3 3 17 37 -37
3 3 18 16 8
3 3 19 6 21
3 4 -22 79 96
3 4- -21 89 -93
3 4 -20 9 18
3 4 -19 58 -61
3 4 -18 22 -23
3 4 -17 20 20
3 4- -16 4 3 45
3 4 -15 99 97
3 4 -14 131 -130
3 4 -13 189 199
3 4 -12 130 -135
3 4 -11 21 27
3 4 -10 144 157
3 4 -9 195 -198
3 4 -8 110 101
3 4 -7 72 58
3 4 —6 27 -34
3 4 —5 68 —59
3 4 -4 128 -130
3 4 -3 19 15
3 4 -2 35 39
3 4 -1 27 -30
3 4 0 90 101
3 4 1 136 -135
3 4 2 46 53
3 4 3 36 -32
3 4 4 74 -86
3 4 5 90 84
3 4 6 49 —54
3 4 7 12 -7
3 4 8 32 22
3 4 9 86 80
3 4 10 53 -55
3 4 11 60 57
3 4 12 62 83
3 4 13 97 -103
3 4 14 28 18
3 4 15 49 31
3 4 16 29 -23
3 4 17 19 -8
3 4- 18 7 2
3 5 -20 52 -57
3 5 -19 50 50
3 5 -18 27 -26
3 5 -17 17 -.19
3 5 -16 34 31
3 5 -15 38 45
3 5 -14 72 -78
3 5 -13 44 -54
3 5 -12 36 -29
3 5 -11 23 -13
3~ 5 -10 38 43
3 5-9 28- 31
3 5 -8 42 -32
3 5 -7 31 -55
3 5 -6 77 75
3 5 -5 82 -82
3 5 -4 9 -16
3 5 -3 66 -60
3 5 -2 73 -86
3 5 -1 111 122
3 5 0 113 124
3 5 i 195 219
3 5 2 38 37
3 5 3 21 0
3 5 4 46 41
355 180 -201
3 5 6 41 40
357 10 8
3 5 8 72 -64
3 5 9 85 -90
3 5 10 66 -62
3 5 11 32 36
3 5 12 50 -44
3. 5 13 132 128
3 5 14 7 -1
3 5 15 6 2
3 5 16 40 46
3 6 -18 15 18
3 6 —17 7 -8
3 6 -16 8 5
3 6 -15 33 30
3 6 -14 56 -49
3 6 -13 37 42
3 6 -12 10 16
3 6-11 38 -45
3 6 -10 68 72
3 6 -9 11 -10
3 6 -8 34 -30
3 6 -7 38 39
3 6 -6 41 -57
3 6 —5 11 26
3 6 -4 25 -4
3 6 —3 46 —48
3 6 -2 65 71
36-1 103 92
3 6 0 108 123
3 6 1 42 -20
3 6 2 20 14
3 6 3 135 -145
3 6 4 46 -46
3 6 5 57 -6 3
366 125 -120
3 6 7 10 -9
368 170 -160
3 6 9 57 58
3 6 10 105 101
3 6 11 125 123
3 6 12 110 1X8
3 6 13 56 57
3 6 14 3 -16
3 7 -14 75 -100
3 7 -13 6 8
3 7 -12 7 8
3 7 -11 57 -56
3 7 -10 8 6
37-9 9 0
3 7 -8 92 89
3 7 -7 48 47
3 7 —6 69 59
3 7-5 10 -4
3 7 -4 19 -23
37-3 10 -12
3 7 -2 43 -40
37-1 10 -24
3 7 0 50 -45
3 7 1 10 -13
3 7 2 58 50
3 7 3 9 -9
3 7 4 9 0
3 7 5 9 14
3 7 6 59 -64
3 7 7 8 -5
3 7 8 53 55
3 7 9 62 84
3 7 10 20 23
3 8 -8 47 60
3 8 -7 17 21
3 8 -6 39 -43
3 8 -5 83 -92
3 8 -4 55 -55
3 8 -3 30 -37
38-2 6 7
3 8 -1 6' 3
3 8 0 6 -15
3 8 1 6 20
3 8 2 39 46
3 8 3 16 -17
4 0 -24 7 9
4 0 -22 101 -85
4 0 -20 118 119
4 0 -18 49 43
4 0 -16 169 -171.
4 0 -14 101 -87
4 0 -12 153 147
4 0 -10 158 141
40-8 157 -139
4 0 -6 134 -133
4 0 -4 44 40
4 0 -2 46 52
400 117 -104
4 0 2 504 556
4 0 4 9 -10
406 155 -124
4 0 8 88 -86
4 0 10 68 -67
4 0 12 149 150
4 0 14 62 -65
4 0 16 132 -138
4 0 18 36 -37
4 1 -24 22 -23
4 1 -23 73 -74
4 1 -22 16 -5
4 1 -21 10 13
4 1 -20 62 60
4 1 -19 26 -17
4' 1 -18 38 30
4 1 -17 120 109
4 1 -16 85 -79
4 1 -15 150 130
4 1 -14 26 -25
4 1-13 94 -73
4 1 -12 85 -65
4 1 -11 82 77
4 1 -10 190 180
4 1 -9 39 26
4 1 -8 73 57
4 1 -7 164 -157
4 1 —6 6( —59
4 1 -5 48 -39
4 1 —4 13 -129
4 1-3 16 20
4 1 -2 75 -2
4 1 —1 109 —8 2
4 1 0 105 91
4 1 1 63 25
4- 1 2 80 71
4 13 41 30
4 1 4 44 -31
4 1 5 21 -12
4 1 6 87 -74
4 1 7 30 -26
4 1 8 95 81
4 1 9 74- -68
4 1 10 187 -175
4 1 11 149 130
4 1 12 72 60
4 1 13 42 33
4 1 14 29 -19
4- 1 15 70 -64
4 1 16 9 -8
4 1 17 19 0
4 1 18 56 80
4 1 19 3 9
4 2 -24 20 25
4 2—23 98 99
4 2 -22 65 58
4 2 -21 10 0
4 2 -20 25 -21
4 2—19 161 159
4 2 -18 12 -11
4 2 -17 181 178
4 2 -16 66 -62
4 2 —15 252 --'262
4 2 —14 59 —47
4 2 -1,3 222 -221
4 2 -12 92 84
4 2— 11 8 9 9].
4 2 -10 26 21
4 2 -9 135 119
4 2 -8 58 -47
4 2 -7 45 36
4 2 -6 83 -71
4 2 -5 170 -167
4 2 -4 148 -133
4 2 -3 67 -57
42-2 104 -93
4 2 -1 281 259
420 436- 401
4 2 1 58 -40
4 2 2 124 103
4 2 3 46 34
4 2 4 76 59
4 2 5 46 38
4 2 6 82 -77
4 2 7 90 -75
428 144 -142
4 2 9 121 -106
4 2 10 111 -92
4 2 11 75 61
4 2 12 28 -16
4 2 13 106 94
4 2 14 103 101
4 2 15 24 -11
4 2 16 9 —5
4 2 17 7 6
4 2 18 7 7
4 3 -23 9 16
4 3 -22 7 7
4 3 —21 61 —51
4 3 -20 28 -9
4 3 -19 22 17
4 3 -18 23 24
4 3 -17 11 -10
4 3 -16 35 -25
4 6 —15 39 —4 2
4 3 -14 104 -102
4- 3 —13 82 70
4 3 —12 60 5 2
4 3 -11 107 -93
4 3 —1.0 d4 48
3 3 -9 72 72
4 3 -8 66 58
4 3 -7 144 136
4 3 —6 120 -106
4 3 -5 38 -32
4 3 -4 53 -59
4 3 -3 30 27
43-2 200 203
4 3 -1 56 -49
4 3 0 245 259
431 248 -265
4 3 2 21 -19
4 3 3 36 46
4 3 4 190 -189
4 3 5 70 53
4- 3 6 133 -118
4 3 7 64 -59
438 220 -222
4 3 9 232 246
4 3 10 79 79
•4 3 11 35 -33
4 3 12 145 150
4 3 13 81 -73
4 3 14 67 59
4 3 15 18 17
4 3 16 15 7
4 3 17 5 -8
4 4 -22 3 -4
4- 4 -21 100 122
4 4 -20 13 —13
4 4 -19 56 62
4 4 -18 10 3
4 4 -17 30 -24
4 4 —16 31 1
4 4 —15 31 --31
4 4 -14 19 12
4 4 -13 87 -80
4 4-12 54 -48
4 4 -11 38 50
4 4 -10 132 -129
4 4 -9 107 100
4 4 -8 96 70
4 4 -7 36 -44
4 4 -6 153 172
4 4 -5 67 -72
4 4 -4 29 -26
4 4 -3 150 —140
4 4 -2 99 91
4 4 -1 151 -148
4 4 0 26 -20
4 4 1 269 268
442 171 -173
4 4 3 117 110
4 4 4 125 -123
4 4 5 27 30
4 4 6 60 53
4 4 7 12 -8
4 4 8 113 111
4 4 9 35 —30
4 4 10 39 15
4 4 11 48 -41
4 4 12 33 -30
4- 4 13 32 -32
4 4 14 14 6
4 4 15 33 43
4 4 16 26 36
4 5 -20 3 6
4 5 -19 53 -59
4 5 -18 52 -49
4 5 -17 28 —25
4 5 -16 30 —34
4 5 -15 81 73
4 5 -14 9 19
4 5 -13 41 -35
4 5 -12 9 0
4 5-11 42 -49
4 5 -10 42 27
4 5 -9 9 -22
4 5 -8 51 49
4 5 -7 29 33
4 5 -6 31 34
4 5 -5 16 24
4 5 -4 9 -6
4 5 -3 73 63
4 5 -2 39 39
4 5 -1 39 47
4 5 0 17 -14
4 5 1 44 -43
4 5 2 94 -99
4 5 3 95 -91
4- 5 4 9 19
4 5 5 17 10
4 5 6 61 -51
4 5 7 83 81
4 5 8 20 -19
4 5 9 58 -50
4 5 10 74 70
4 5 11 18 19
4 5 12 16 9
4- 5 13 45 -38
4 5 14 21 -18
4 6 -17 5 -2
4 6-16 74 -60
4 6 -15 22 18
4 '6 -14 21 26
4 6 -13 21 -2
4 6 -12 22 11
4 6 -11 36 -38
4 6 -10 10 -8
4 6 -9 19 -8
4 6 -8 28 22
4 6 -7 10 5
4 6 -6 28 25
4 6 -5 42 38
4 6 —4 82 88
4 6-3 10 -7
4 6 -2 68 -57
4 6 -1 86 -81
460 139 -145
4 6 1 6 3 -66
4 6 2 31 -31
4 6 3 108 103
4 6 4 10 0
4 6 5 19 -12
4 6 6 81 71
4 6 7 55 41
4- 6 8 78 63
4 6 9 92 83
4 6 10 26 -27
4 6 11 47 -50
4 7 -13 15 -24
4 7 -12 32 31
4 t —11 23 1
4 7 -10 47 -47
4 7 -9 41 35
4 7 -8 7 -15
4 7 -7 31 -30
4 7 -6 32 -31
4 7 -5 32 25
4 7 -4 32 34
4 7 -3 8 11
4 7 -2 8 13
4 7 -1 26 -21
4 7 0 32 -39
4 7 1 8 5
4 7 2 26 27
4 7 3 7 -2
4 7 4 41 -42
4 7 5 43 46
4 7 6 5 -1
4 7 7 22 25
5 0 -24 9 -8
5 0 -22 39 -43
5 0 -20 34 26
5 0 -18 64 -53
5 0 -16 43 -46
5 0 -14 20 -14
5 0-12 34 34
5 0 -10 73 66
5 0 -8 22 -6
5 0 -6 58 -60
5 0 -4 122 192
5 0 -2 61 58
5 0 0 217 -213
5 0 2 26 16
5 0 4 12 -16
5 0 6 176 171
5 0 8 114 -101
5 0 10 69 -57
5 0 12 60 -59
5 0 14 98 -106
5 0 16 103 140
5 1 -23 36 39
5 1 -22 17 -21
5 1 -22 10 -11
5 1 -20 120 -115
5 1 -19 134 125
5 1— 18 35— 3 3
5 1 -17 30 30
5 1 -16 121 120
5 1 -15 103 -104
5 1 -14 120 124
5 1 -13 32 34
5 1 -12 28 6
5 1-11 28 5
5 1 -10 100 -92
5 1 -9 76 -75
5 1 -8 73 -68
5 1 -7 75 -57
5 1 -6 21 20
5 1 -5 91 -83
5 1 -4 144 -141
5 1 -3 91 90
5 1 -2 195 200
5 1 -1 85 90
5 1 0 39 35
5 11 11 -2
5 1 2 50 -43
5 1 3 17 -9
5 1 4 48 -51
5 1 5 82 78
5 1 6 6 3 -48
5 1 7 28 15
5 1 8 71 80
5 1 9 79 -78
5 1 10 104 -97
5 1 11 26 -20
5 1 12 12 0
5 1 13 11 7
5 1 14 72 75
5 1 15 40 45
5 1 16 93 82
5 2 -23 18 22
5 2 -22 8 -10
5 2 -21 62 -60
5 2 -20 30 -22
5 2 -19 32 -31
5 2 -18 84 83
5 2 -17 75 -72
5 2 -16 97 96
5 2 -15 67 67
5 2 -14 13 -2
5 2 -13 13 1
5 2 -12 157 -151
5 2 -11 108 -101
5 2 -10 118 -111
5 2 -9 41 18
52-8 12 2
5 2 -7 30 29
5 2 -6 98 90
5 2 -5 15 5
5 2 -4 154 160
52-3 284 338
5 2 -2 201 205
5 2 -1 6 2 50
5 2 0 20 -22
5 2 1 235 -274
5 2 2 270 -276
5 2 3 38 -36
5 2 4 27 18
5 2 5 97 -93
5 2 6 125 -109
5 2 7 131 119
5 2 3 30 27
5 2 9 85 82
5 2 10 81 76
5 2 11 64 -52
5 2 12 11 -7
5 2 13 22 23
5 2 14 9 19
5 2 15 8 —5
5 2 16 3 0
5 3 -22 19 32
5 3 -21 68 68
5 3 -20 9 3
5 3 -19 56 -54
5 3 -18 11 —8
5 3 -17 62 -63
5 3 -16 31 18
5 3 -15 21 13
5 3 -14 32 -25
5 3 -13 23 18
5 3 -12 109 -110
5 3 -11 107 101
5 3 -10 12 -18
5 3 -9 12 3
53-8 138 131
5 3 -7 24 —31
5 3 -6 93 89
5 3 -5 95 93
5 3 -4 164 172
53-3 244 -259
5 3 -2 78 -72
5 3 -1 103 -105
5 3 0 226 -248
5 3 1 159 167
532 209 -208
5 3 3 85 82
5 3 4 33 -37
5 3 5 33 -31
5 3 6 146 147
5 3 7 65 54
5 3 8 137 130
5 3 9 47 45
5 3 10 31 29
5 3 11 85 -80
5 3 12 83 -79
5 3 13 16 8
5 3 14 32 38
5 3 15 3 -38
5 4 -20 65 -60
5 4 -19 131 -128
5 4 -18 12,8 -120
5 4 -17 11 -5
5 4—16 34 19
5 4 -15 117 101
5 4 -14 12 11
5 4 -13 75 73
5 4 -12 24 8
5 4—11 40 —46
5 4 -10 115 110
5 4 -9 149 -163
54-8 103 108
5 4 -7 6 9 -6 2
5 4 -6 39 -39
5 4 -5 89 88
5 4 -4 129 -126
5 4 -3 26 30
5 4 -2 98 -93
5 4 -1 159 157
5 4 0 43 -48
5 4 1 87 75
5 4 2 104 99
5 4 3 175 -182
5 4 4 32 28
5 4 5 87 79
546 31 5
5 4 7 31 -31
5 4 8 28 13
5 4 9 66 —46
5 4 10 10 4
5 4 11 9 9
5 4 12 30 15
5 4 13 36 -34
5 5 -18 30 36
5 5 -17 28 18
5 5 -16 45 42
5 5 -15 12 17
5 5 -14 14 12
5 5 -13 8 6
5 5 -12 52 44
5 5-11 36 -42
5 5 -10 36 41
5 5—9 9 4
5 5 —8 104 —9i
5 5 -7 67 60
5 5 -6 9 —6
5 5 -5 36 —31
5 5 -4 64 55
5 5 -3 3T 6
5 5 -2 87 -77
5 5 —1 30 —28
5 5 0 71 -62
t) 5 1 64 59
5 5 2 31 25
5 5 3 28 25
5 5 4 44 46
5 5 5 75 -77
5 5 6 14 1
5 5 7 23 19
5 5 8 7 -6
5 5 9 6 -5
5 5 10 5 2
5 5 11 31 46
5 6 -15 28 -33
5 6 -14 25 17
5 6 -13 7 -1
5 6 —12 19 -17
5 6 -11 9 0
5 6 -10 23 26
5 6 -9 34 —25
5 6 —8 10 —4
5 6 -7 36 19
5 6 —6 38 —34
5 8 —5 10 1
5 8 -4 10 8
5 6 —3 10 -11
5 8 -2 87 -70
5 6 -1 49 40
5 6 0 27 19
5 6 1 16 11
5 6 2 73 63
5 6 3 20 22
5 6 4 25 -27
5 6 5 18 -21
5 6 6 7 0
567 6 2
5 6 8 3 -12
5 7 —9 4 15
5 7 -8 27 30
5 7 -7 21 20
5 7 -6 21 26
5 7 -5 6 5
5 7 -4 92 -92
5 7 -3 6 -20
5 7—2 81 -82
5 7 —1 6 15
5 7 0 6 15
5 7 1 30 —34
6 0 —22 14 —6
6 0 -20 23 -19
6 0 —18 31 30
6 0 —16 12 -11
6 0 —i4 33 —27
6 0 -12 59 58
6 0 -10 20 17
6 0 —8 86 94
6 0 -6 56 -55
6 0 -4 27 -36
6 0 —2 63 —85
6 0 0 15 13
6 0 2 73 71
6 0 4 122 -132
6 0 6 28 41
6 0 8 24 -24
6 0 10 19 -17
6 0 12 42 50
6 1 —22 35 35
6 1 -21 8 -2
6 1 -20 10 -7
6 1 -19 26 -24
6 1 -18 30 23
6 1 -17 35 25
6 1 -16 13 8
6 1 -15 43 42
6 1 -14 34 -36
6 1 -13 147 -141
6 1 -12 38 -39
6 1-11 104 -99
6 1 -10 30 —24
6 1-9 102 103
6 1-8 154 158
6 1 -7 32 -40
61-6 20 0
6 1-5 16 21
6 1-4 211 -236
6 1-3 202 219
6 1 -2 75 71
6 1 -1 12 -9
610 13 2
6 1 1 53 —54
6 1 2 76 79
6 1 3 40 —45
6 1 4 38 -34
6 1 5 30 -30
6 1 6 27 -16
6 1 7 23 -6
6 1 8 43 35
6 1 9 24 -23
6 1 10 31 -41
6 1 11 35 37
6 1 12 35 46
6 1 13 53 52
6 2 -21 18 21
6 2 -20 18 2
6 2 -19 32 -33
6 2 -18 27 -23
6 2 -17 34 30
6 2 -16 43 -40
6 2 -15 134 -109
6 2 -14 38 -26
6 2 -13 127 -120
6 2 -12 42 35
6 2-11 143 137
6 2 -10 124 116
6 2-9 128 129
6 2 -8 33 -34
6 2-7 164 152
6 2 -6 28 16
6 2 -5 17 -1
6 2 -4 61 -52
6 2-3 220 -217
6 2-2, 70 -59
6' 2 -1 130 -131
6 2 0' 36 17
6 2 1 88 85
6 2 2 13 -4
6 2 3 45 40
6 2 4 29 24
6 2 5 57 -44
6 2 6 74 -62
6 2 7 50 43
628 12 8
6 2 9 11 -10
6 2 10 21 -13
6 2 11 40 37
6 2 12 47 72
6 3 -20 16 —23
6 3-19 38 -41
6 3 -18 44 -15
6 3 -17 19 4
6 3 -16 10 5
6 3 -15 27 22
6 3 -14 11 -10
6 3 -13 88 80
6 3 -12 12 13
6 3 -11 24 0
6 3-10 85 78
6 3 -9 154 -146
6 3 —8 48 46
6 3 -7 73 67
6 3 —6 6 3 —61
6 3 -5 23 12
Q 3 -4 130 -135
6 3 -3 121 -126
6 3 -2 109 —108
6 3 -1 134 135
6 3 0 143 152
6 3 1 26 -27
6 3 2 35 32
6 3 3 86 44
6 3 4 25 -24
6 3 5 63 52
6 3 6 11 6
6 3 7 81 -69
6 3 8 10 -12
6 3 9 30 28
6 3 10 70 59
6 3 11 6 -19
6 4 -18 49 50
6 4- -17 19 1
6 4 -16 10 -10
6 4 -15 26 -33
6 4 -14 32 15
6 4-13 84 -62
6 4 -12 86 68
6 4—11 43 —39
6 4 -10 77 -62
64-9 171 145
6 4 —8 49 -43
6 4 -7 57 50
6 4 -6 38 33
6 4 —5 24 -22
6 4 -4 23 -13
6- 4 -3 52 -47
6 4 -2 42 -33
6 4 -1 13 -9
6 4 0 13 -10
6 4 1 23 24
6 4 2 12 13
643 12 1
6 4 4 12 21
6 4 5 11 0
6 4 6 57 52
6 4 7 83 -75
6 4 8 22 21
6 4 9 17 -6
6 4 10 8 19
6 5 —16 31 -47
6 5 -15 14 9
6 5 —14 6 6
6 5 —13 6 10
6 5 -12 24 24
6 5 -11 36 -29
6 5 -10 7 14
6 5 -9 48 38
6 5 -8 58 -48
6 5 -7 33 -17
6 5 —6 41 -30
6 5 -5 4-6 -37
6 5 —4 20 —21
6 5 -3 79 6 0
65-2 17 -12
6 5 -1 55 -50
6 5 0 33 20
651 7 1
6 5 2 47 35
6 5 3 14 -14
6 5 4 55 46
6 5 5 6 11
6 5 6 5. 0
6 5 7 25 26
6 6-11 22 23
6 6 -10 30 -27
6 6 —9 6 —2
6 6 -8 23 -18
6 6 -7 7 10
6 6 —6 14 -6
6 6 -5 38 26
6 6 -4 30 -22
0 6 -3 77 59
6 6 -2 17 -15
6 6 -1 66 -45
6 6 0 50 46
6 6 1 70 -71
6 6 2 36 32
7 0 —20 43 -58
7 0 -18 9 -9
7 0 -16 11 30
7 0 —14 .06 1X4
7 0 —12 24- —32
7 0 -10
7 0 -8 110 121
7 0 -6 152 —179
7 0 -4 79 -87
7 0 -2 60 60
7 0 0 58 66
7 0 2 61 -13
7 0 4 67 -32
7 0 6 11 68
7 0 8 9 27
7 0 10 4 6
7 1-20 4 —24
7 1 -19 7 6
7 1 —18 9 —7
7 1 —17 10 —6
7 1 -16 82 104
7 1 -15 98 -126
7 1 -14 47 54
7 1 -13 13 -13
7 1 -12 13 -38
7 1 -11 83 97
7 1 -10 101 -113
7 1 -9 82 77
7 1 —8 3 3 -42
7 1 -7 68 65
7 1 -6 27 -22
71-5 15 1
...7 1-4 61 61
7 1 -3 63 -77
7 1 -2 155 147
7 1 —1 35 —33
7 1 0 26 —39
7 11 14 -2
7 1 2 17 -6
7 1 3 63 -61
7 1 4 65 -65
7 1 5 12 15
7 1 6 1.1 7
7 1 7 18 28
7 1 8 23 27
719 7 9
7 2 -19 51 -52
7 2 -18 29 29
7 2 -17 56 -64
7 2 -16 40 39
7 2 -15 59 63
7 2 -14 63 -74
7 2 -13 194 228
7 2 -12 62 -66
7 2 -11 25 -21
7 2-10 14 9
7 2 -9 153 -136
7 2 -8 47 -25
7 2 -7 60 47
7 2 -6 89 92
7 2 -5 89 -90
7 2 -4 27 22
7 2 -3 27 -14
7 2 -2 27 23
7 2 -1 32 .19
7 2 0 84 -78
7 2 1 56 -40
722 119 -101
7 2 3 23 27
7 2 4 45 38
7 2 5 21 8
7 2 6 49 35
7 2 7 43 42
7' 2 8 58 56
7 3 -17 6 -51
7 3 -16 47 -36
7 3 -15 25 47
7 3 -14 41 51
7 3-13 43 24
7 3 -12 10 12
7 3-11 11 -6
7 3 -10 11 -14
7 3 —9 11 -16
73-8 11 0
7 3-7 12 -9
7 3 -6 12 0
7 3 -5 12 -11
7 3-4 12 16
7 3 -3 21 -18
7 3 -2 30 -42
7 3 -1 21 22
7 3 0 44 -38
7 3 1 41 41
7 3 2 10 -19
7 3 3 65 59
7 3 4 91 87
7 3 5 68 -65
7 3 6 69 72
7 3 7 27 -19
7 4 —15 109 115
7 4- -14 65 57
7 4 -13 19 25
7 4 -12 21 26
7 4 -11 22 -7
7 4 -10 12 -13
7 4 —9 13 -11
7 4- -8 85 -70
7 4 -7 134 -129
7 4 -6 77 -77
7 4 -5 32 31
7 4 -4 35 35
7 4 -3 56 48
7 4 -2 13 16
7 4 -1 47 45
7 4- 0 30 19
7 4 1 21 -17
7 4 2 106 91
743 121 -106
7 4 4 46 42
7 5-10 28 -35
7 5 -9 33 -37
7 5 -8 54 -56
7 5 -7 21 —21
7 5 -6 46 4-3
7 5 -5 71 62
7 5 -4 90 76
7 5 -3 41 37
7 5 —2 18 18
7 5 -1 56 -55
8 0 -16 45 52
8 0 -14 15 22
8 0 -12 65 -83
8 0-10 10 -10
8 0 —8 40 39
8~ Q —6 42 —43
8 0 -4 20 22
8 0-2 19 -27
8 0 0 42 52
8 0 2 31 30
8 0 4 11 -11
8 1 -16 4 -15
8 1 -15 81 95
8 1 -14 127 -102
8 1 -13 88 75
8 1 —12 36 36
8 1 -11 42 -49
8 1 -10 19 8
8 1-9 20 5
8 1 —8 25 25
8 1 -7 11 —16
8 1 -6 53 42
8 1 -5 49 -47
8 1 —4 20 -20
8 1 —3 11 12
8 1 -2 20 -27
8 1 -1 19 —30
8 1 0 10 -8
8 1 1 33 -33
8 1 2 34 39
8 1 3 14 23
8 14 5 18
8 2 -15 3 32
8 2 -14 12 -1
8 2 —13 26 —30
8 2 -12 61 78
8 2— Xx 44 —'48
8 2 -10 23 26
8 2 -9 23 -12
8 2 —8 39 —34
8 2 -7 35 21
8; 2 -6 28 15
8 2 -5 20 —8
8 2 —4 44 -43
8 2 —3 74 -6 5
8 2 —2 10 —16
8 2 -1 49 -47
8 2 0 9 0
8 2 1 138 129
8 2 2 67 55
8 3 -11 6 14
8 3 -10 12 -3
8 3 —9 19 —32
8 3 -8 36 —22
8 3 —7 20 -23
8 3 —6 24 —J.
8 3 —5 7 20
8 3 -4- 20 —2 2
8 3 -3 19 19
8 3 -2 12 -27
8 3 -1 23 6 2
8 3 0 58 82
APPENDIX B
Measured and Calculated Structure Factors
for
Hexamethylenetetramine oxide- hydrogen peroxide monohydrate
( Each column contains values of h, k. X 3 10F, 10F.
Reflections with structure amplitudes marked with
asterisks were unobserved and were given intensity
values equal to one-half of the observed minimum.)
0 0 2 374 59G
0 0 4 467 488
0 0 6 319 287
0 0 8 336 381
0 0 10 67 -58
0 0 12 92 -126
0 0 14 235 316
0 0 16 121 -153
0 0 18 15 0
0 0 20 12 0
0 1-21 49 -93
0 1 -20 9 0
0 1 -19 23 -34
0 1 -18 13 11
0 1 -17 57 -81
0 1 -16 57 81
0 1 -15 92 -125
0 1 -14 41 25
0 1 -13 238 -303
0 1 -12 77 —93
0 1 -11 78 —84
0 1 -10 124. 110
0 1 -9 15 -12
0 1 -8 64 -34
Q 1 -7 106 -118
01-6 165 144




0 1 -1 88 -84
0 2 -20 11 -12
0 2-19 7 0
0 2 -18 35 46
0 2 -17 91 -129
0 2 -16 42 50
0 2 -15 68 -77
0 2 -14 136 -173
0 2 -13 11 -1
0 2 -12 44 -34
0 2 -11 160 198





0 2 -5 49 43





0• 3 -20 22 27
0 3 -19 65 95
0 3 -18 15 11
0 3 -17 35 46
0 3 -16 16 6
0 3 -15 177 229
0 3 -14 11 -5
0 3 -12 251 304-
0 3 -11 30 -34




0 3 -6 72 -86
0 3 -5 132 131
03-4 303 329
0 3 -3 435 -527
0 3 -2 92 72
0 3 -1 346 353
0 4 -19 12 14
0 4 -18 7 -17
0 4 -17 14 0
0 4 -16 24 -44
0 4 -15 56 63
0 4 -14 90 109
0 4 -13 89 -112
0 4 -12 75 -97
0 4 -11 19 12
0 4 -10 129 -148
0 4 -9 21 —25
0 4- -3 108 -130
0 4 -7 21 -14
0 4-6 14 -2
0 4 -5 231 293
0 4 -4 243 -271
0 4 -3 156 175
0 4 -2 554 -620
0 4 -1 367 433
040 296 -307
0 5 -19 13 -17
0 5 -18 23 -33
0 5-17 10 -6
0 5 -16 23 -27
0 5 -15 56 -39
0 5 -14 29 12
0 5 -13 21 -21
0 5 -12 106 -141
0 5 -11 108 123
0 5 -10 112 139
0 5 -9 95. 130
0 5 -8 103 -135
0 5—7 78 -110
0 5 -6 32 102
0 5 -5 226 285
0 5 -4 357 -399
0 5 -3 167 187
0 5 -2 21 47
05-1 230 -256
0 6 -18 53 -51
0 6 -17 33 43
0 6 -16 37 32
0~ 6 -15 32 23
0 6 -14 28- 30
0 6 -13 39 43
0 6 -12 63 68
0 6-11 27 -40
0 6 -10 22 27
0 6 -9 122 -131
0 6 -7 24 -11
0 5 -6 36 37
0 6 —5 131 -165
0 6 —4 6 2 61
0 6 -3 82 -91
0 6 —2 242 277
0 6 -1 192 -184
0 6 0 131 131
0 7 -17 11 -16
0 7 -16 19 23
0 7 -15 8 0
0 7 -14 35 -39
0 7 -13 23 -23
0 7 -12 81 -108
0 7 -11 102 -135
0 7 -10 93 -104
0 7 -9 53 -42
0 7 —8 110 -128
0 7 —7 24 2
0 7 -6 74 84
0 7 —5 27 28
0 7 —4 14 -17
0 7 —3 96 -133
0 7 -2 27 —14
0 7 -1 30 16
0 3 -15 32 40
0 8 -14 9 —7
0 8-13 33 -43
0 8 —12 19 -27
0 8-11 20 34
0 8 -10 56 68
0 3 -9 26 33
0 8 -3 51 57
0 8 -7 47 6 0
08-6 24 -38
0 8 -5 19 29
0 8 —4 29 19
0 8 —3 14-2 -156
0 8 -2 122 -154
0 8 -1 46 41
0 8 0 26 25
0 9—14 34 46
0 9 -13 20 -39
0 9 —12 10 4
0 9 -11 54 83
0 9 -10 28 33
0 9 9 a x•— 3 0
0 9 -8 20 -27
0 9 —7 27 39
0 9 —6 32 8
0 9 -5 118 -127
0 9 —4 54- -68
0 9 -3 23 34
0 9 -2 32 4-5
0 9 -1 65 71
0 10 —12 35 -55
0 10 -11 13 14
0 10 -10 15 -42
0 10 -9 6 -5
0 10 -8 7 8
0 10 -7 12 -1
0 10 —5 33 23





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































1 4 5 32 -19
1 4 6 237 -233
1 4 7 87 80
1 4 8 84 74
1 4 9 67 85
1 4 10 65 -24
1 4 11 109 108
1 4 12 110 -108
1 4 13 159 172
1 4 14 26 20
1 4 15 83 105
1 4 16 29 34
1 4 17 14 1
1 4 18 14 -10
1 4 19 5 -8
1 5 -19 23 -23
1 5 -18 15 11
1 5 -17 24 -19
1 5 -16 41 -40
1 5 -15 31 -30
1 5 -14 65 65
1 5 -13 85 -101
1 5 -12 55 55
1 5 -11 236 264
1 5 -10 250 —297
15-9 193 223
1 5 -8 47 -47
15-7 110 116
15-6 178 -172
1 5 -5 41 37
1 5 -4 38 -41
1 5 -3 255 317
15-2 289 -329
15-1 130 138
1 5 0 60 -48
151 339 -378
152 139 -129
1 5 3 66 27
154 140 -141
1 5 5 45 6
1 5 6 68 81
1 5 7 30 12
1 5 8 88 86
1 5 9 26 22
1 5 10 57 45
1 5 11 51 72
1 5 12 90 -78
1 5 13 23 17
1 5 14 4-2 20
1 5 15 42 -47
1 5 16 28 -34
1 5 17 53 60
1- 5 18 10 -8
1 6 -18 16 -33
1 6 -17 18 -10
1 6 -16 24 -22
1 6 -15 80 101
1 6 -14 41 24
1 6 -13 61 74
1 6 -12 144 -165
1 6 -11 249 262
1 6 -10 36 -40
1 6 -9 31 -6
1 6 -8 39 -39
1 6 -7 113 138
1 6 -6 61 26
1 6 -5 69 -79
1 6 -4 189 -200
1 6-3 71 68
1 6 -2 44 35
1 6 -1 29 0
1 6 0 73 62
161 171 -171
162 260 -268
1 6 3 259 267
1 6 4 37 -4
1 6 5 62 -53
1 6 6 86 —90
1 6 7 145 142
1 6 8 40 -36
1 6 9 152- 176
1 6 10 283 -321
1 6 11 67 72
1 6 12 99 -114
1 6 13 15 -19
1 6 14 38 -34
1 6 15 19 17
1 6 16 41 -47
1 6 17 43 50
1 7 -17 21 4
1 7 -16 41 54
1 7 -15 12 —14
1 7 -14 55 -68
1 7 -13 60 72
1 7 -12 54 51
1 7 -11 29 33
1 7 -10 23 25
1 7 -9 .60 -79
1 7 -8 64 81
1 7 -7 21 15
1 7 -6 16 —24
17-5 18 28
17-4 105 102
1 7 -3 91 76
17-2 106 120
1 7 -1 103 119
170 217 -242
1 7 1 205 247
1 7 2 62 -70
1 7 3 80 80
1 7 4 107 -121
17 5 17 -1
1 7 6 67 -61
1 7 7 23 27
1-7 8 182 -211
1 7 9 75. 77
1 7 10 78 -77
1 7 11 36 30
1 7 12 81 93
1 7 13 45 23
1 7 14 19 24
1 7 15 35 43
1 7 16 20 23
1 8-16 4 9
1 8 -15 35 35
1 8 -14 97 -114
1 8 -13 132 153
1 8 -12 43 60
1 8 -11 29 22
1 8 -10 21 -18
1 8 -9 28 -32
1 8 -8 27 20
1 8 -7 56 48
1 8 -6 48 17
1 8 -5 96 115
1 8 -4 70 80
1 8 -3 69 80
1 8 —2 26 -32
18-1 42 -58
180 147 -161
1 8 1 49 -39
1 8 2 140 168
1 8 3 92 -79
1 8 4 65 71
1 8 5 4-5 —54
1 8 6 69 77
1 8 7 23 21
1 8 8 35 38
189 10 5
1 8 10 177 207
1 8 11 34 -41
1 8 12 37 41
1 8 13 17 -13
1 8 14 20 -18
1 8 15 11 -5
1 9 -14 37 25
1 9 —13 28 »—2
1 9 -12 47 55
1 9 -11 141 -166
1 9 -10 38 -51
1 9 -9 48 -50
1 9 -8 35 -9
1 9 -7 47 -67
1 9 -6 40 -47
1 9 -5 48 -41
1 9 -4 122 -157
1 9—3 208 -258
1 9 -2 103 -137
1 9— i 39 -60
1 9 0 34 -33
19 1 94 -136
1 9 2 59 60
1 9 3 30 -33
19 4 12 -13
1 9 5 14 -21
1 9 6 46 35
1 9 7 40 -60
1 9 8 34 32
1 9 9 38 -50
1 9 10 38 -50
1 9 11 61 -82
1 9 12 60 -18
1 9 13 29 32
1 10 -12 7 4
1 10 -11 32 -53
1 10 -10 32 -31
1 10 -9 18 -16
1 10 -8 18 -2
1 10 -7 8 0
1 10 -6 39 -42
1 10 -5 92 -124
1 10 -4 59 -73
1 10 -3 51 55
1 10 -2 21 40
1 10 -1 24 31
1 10 0 73 84
1 10 1 12 2
1 10 2 48 44
1 10. 3 37 33
1 10 4 18 22
1 10 5 19 21
1 10 6 19 28
1 10 7 41 59
1 10 8 10 12
1 10 9 9 1
1 10 10 45 60
1 10 11 70 113
1 11 -9 14 15
1 11 ~8 28 -31
1 11 -7 23 28
1 11 -6 10 14
1 11-5 15 19
1 11 -4 22 42
1 11 -3 42 63
1 11 -2 84 108
1 11 -1 110 -129
1 11 0 18 -8
1 11 1 12 -6
1 11 2 42 61
1 11 3 10 12
1 11 4 11 -2
1 11 5 14 24
1 11 6 10 -24
1 11 7 11 -15
1 11 8 32 50
1 12-3 48 -76
1 12 -2 33 -61
1 12 -1 15 -24
1 12 0 11 2
1 12 1 68 110
1 12 2 3 0
2 0 -20 18 16
2 0 -18 40 -51
2 0 -16 92 -53
2 0 -14 118 113
2 0 -12 191 114
2 0 -10 140 -94
20-8 588 -677
2 0 -6 77 21
20-4 287 -332
20-2 319 363
2 0 0 125 77
2 0 2 447 467
2 0 4 106 -91
2 0 6 108 -78
2 0 8 231 193
2 0 10 167 -142
2 0 12 198 161
2 0 14 46 -19
2 0 16 105 120
2 0 18 37 -61
2 1 -21 33 67
2 1 -20 16 -16
2 1 -19 25 -21
2 1 -18 29 38
2 1 -17 87 72
2 1 -16 39 42
2 1 -15 95 -81
2 1 -14 175 -150
2 1-13 30 23
2 1-12 71 -21
2 1 -11 55 36




2 1 -6 131 -111
2 1 -5 255 -255
2 1 -4 466 488
2 1 -3 503 597
2 1 -2 273 -266
2 1 -1 495 -499
2 1 0 316 -291
2 1 1 85 -53
2 12 118 102
2 1 3 48 21
2 1 4 273 -287
2 1 5 212 194
2 1 6 120 -98
2 1 7 162 129
2 1 8 79 -46
2 19 110 -98
2 1 10 197 181
2 1 11 127 113
2 1 12 65 -61
2 1 13 21 -5
2 1 14 33 34
2 1 15 36 40
2 1 16 18 17
2 1 17 19 0
2 1 18 33 -44
2 1 19 13 -9
2 2 -21 28 31
2 2 -20 50 -31
2 2 -19 39 23
2 2 -18 31 26
2 2 -17 55 -49
2 2-16 30 -31
2 2 -15 101 81
2 2 -14 28 -22
2- 2 -13 52 38
2 2 -12 67 56
2 2 -11 126 109
2 2 -10 106 -75
22-9 58 -13
2 2 -8 365 345
2 2 -7 97 92
2 2 -6 259 -251
22-5 177 -156
22-4 128 116
2 2 -3 320 -321
2 2 -2 280 -290
2 2 -1 196 -194
2 2 0 435 -443
2 2 1 130 105
222 404 -385
2 2 3 379 449
2 2 4 327 -319
2 2 5 204 183
2 2 6 90 64
2 2 7 130 82
2 2 8 177 -114
2 2 9 37 -42
2 2 10 21 2
2 2 11 163 113
2 2 12 38 -11
2 2 13 63 15
2 2 14 32 22
2 2 15 17 -10
2 2 16 34 —31
2 2 17 23 -12
2 2 18 21 3
2 3-21 6 -9
2 3 —20 90 -86
2 3 —19 58 46
2 3 -18 25 -15
2 3 —17 34 28
2 3 -16 33 -35
2 3 -15 152 156
2 3 —14 190 185
2 3 -13 252 236
2 3 -12 234 -214
2 3 -11 123 111
2 3 -10 114 —97
2 3 —9 143 -112
2 3 -8 120 103
2 3 —7 119 86
2 3 -6 152 -128
2 3 —5 47 -18
2 3 -4 53 50
2 3 -3 142 -133
23-2 272 -253
2 3 -1 218 211
2 3 0 383 410
2 3 1 306 26 3
2 3 2 309 -281
2 3 3,' 13 10
2 3 4 400 370
235 488 -468
2 3 6 235 208
2 3 7 66 39
2 3 8 104 67
2 3 9 129 -98
2 3 10 39 35
2 3 11 47 —4-1
2 3 12 145 101
2 3 13 21 -15
2 3 14 79 54
2 3 15 31 37
2 3 16 115 -80
2 3 17 58 43
2 3 .18 34 53
2 4 -20 19 —8
2 4 -19 21 -1
2 4 -18 34 35
2 4 -17 60 55
2 4 -16 120 116
2 4 -15 29 -5
2 4 -14 207 -191
2 4 -13 121 -94
2 4 -12 59 -10
2 4 -11 231 -190
2 4 -10 71 21
2 4 —9 2b9 —222
2 4-8 211 168
2 4 -7 113 -98
2 4 -6 68 22
2 4 -5 68 2
2 4 —4 68 —32
2 4 -3 169 132
24-2 253 213
2 4- -1 24-2 -225
240 279 -229
2 4 1 81 —3
2 4 2 4-20 380
243 290 -252
2 4 4 36 0
2 4 5 217 -174
2 4 6 121 86
247 122 -75
2 4-8 82 -61
2 4 9 50 19
2 4 10 31 19
2 4 11 59 15
2 4 12 101 8
2 4 13 66 -50
2 4 14 107 -141
2 4 15 25 7
2 4 16 30 42
2 4 17 56 -94
2 4 18 17 22
2 5 -19 103 -108
2 5 -18 60 50
2 5 -17 95 -71
2 5 -16 43 -34
2 5 -15 228 -223
2 5 -14 90 —77
2 5 -13 264 -266
2 5 -12 257 252
2 5 -11 262 -256
2 5 -10 117 96
2 5 -9 107 72
2 5 -8 62 35
25-7 100 -83
2 5 -6 68 -36
25-5 57 -61
2 5 -4- 86 83
2 5 -3 30 21
25-2 71 -58
2 5 -1 35 17
2 5 0 105 -70
2 5 1 64 -32
2 5 2 399 370
2 5 3 102 78
2 5 4 51 -11
2 5 5 123 102
2 5 6 113 81
2 5 7 72 29
2 5 8 65 -36
2 5 9 94 64
2 5 10 198 163
2 5 11 73 61
2 5 12 39 -27
2 5 13 60 -41
2 5 14 37 35
2 5 15 153 -130
2 5 16 135 116
2 5 17 57 -49
2 6 -18 39 -12
2 6 -17 18 -11
2 6 -16 65 —44-
2 6 -15 33 -29
2 6 -14 110 102
2 6 —13 108 106
2 6 -12 88 83
2 6-11 56 -60
2 6 -10 245 -202
2 6 -9 235 220
2 6 —8 111 89
2 3 -7 139 -108
2 6 -6 28 36
2 6 -5 45 41
2 6 -4 102 84
2 6 -3 80 -71
26-2 123 109
2 6 -1 37 49
2 6 0 480 527
2 6 1 19 13
2 6 2 366 377
2 6 3 206 -189
2 6 4 21 -11
2 6 5 174 169
2 6 6 172 156
267 24 2
2 6 8 167 152
2 6 9 87 70
2 6 10 71 52
2 6 11 91 -66
2 6 12 32 -35
2 6 13 15 -6
2 6 14 73 66
2 6 15 18 -13
2 6 16 22 -19
2 7-17 14 0
2 7 —16 40 8
2 7 -15 30 -19
2-7 -14 57 25
2 7 -13 100, -81
2 7 -12 173 -160
2 7 -11 31 -14
2 7 -10 35 21
27-9 88 -67
2 7 -8 50 50
2 7 -7 34 17
2 7 -6 58 -28
2 7 -5 90 -4-8
2 7 -4 52 -30
2 7 —3 31 -13
2 7 -2 180 133
2 7 -1 105 -83
2 7 0 55 25
2 7 1 78 -42
272 358 —329
2 7 3 117 64
2 7 4 312 -261
2 7 5 42 -33
2 7 6 103 -61
2 7 7 40 13
278 153 -137
279 124 -101
2 7 10 194 -187
2 7 11 57 -44
2 7 12 74 -68
2 7 13 48 -47
2 7 14 43 -30
2 7 15 14 0
2 8 -16 25 22
2 8 -15 107 -101
2 8 -14 55 -30
2 8 -13 107 67
2 8 —12 58 -12
2 8 -11 165 170
2 8 -10 201 186
2 8 -9 179 147
2 8 -8 66 -45
2 8-7 131 87
2 8 -6 75 -51
28-5 112 104
2 8 —4 31 7
2 8 -3 230 210
2 8 -2 34 14
2 8 -1 84 18
280 355 —339
2 8 1 267 244
282 274 -250
2 8 3 63 68
2 8 4 36 13
2 8 5 39 37
2 8 6 96 -110
2 8 7 92 -33
2 8 8 103 -79
2 8 9 40 24
2 8 10 25 —4
2 8 11 69 42
2 8 12 73 97
2 8 13 23 -26
2 9 -14 16 -1
2 9-13 260 293
2 9 —12 108 94
2 9 -11 121 111
2 9 -10 27 4
2 9 -9 50 42
2 9 -8 25 -10
2 9 -7 72 70
2 9 -6 32 4
2 9 -5 49 52
2 9 —4 125 114
2 9 -3 78 53
2 9 -2 87 -92
2 9 -1 52 -27
2 9 0 55 -33
2 9 1 99 83
2 9 2 77 53
2 9 3 129 -132
2 9 4 43 -10
2 9 5 33 -12
2 9 6 26 -2
2 9 7 35 0
2 9 8 24 -14
2 9 9 25 24
2 9 10 25 30
2 9 11 24 -16
2 9 12 85 -124
2 10 -12 21 -32
2 10 -11 133 -163
2 10 -10 99 -111
2 10 -9 28 -35
2 10 -8 88 -72
2 10 -7 74 -42
2 10 -6 51 -31
2 10 -5 81 -64
2 10 -4 82 -96
2 10 -3 67 -83
2 10 -2 167 -174
2 10 -1 52 31
2 10 0 68 -51
2 10 1 78 -77
2 10 2 90 -89
2 10 3 65 -104
2 10 4 47 -54
2 10 5 23 5
2 10 6 27 -19
2 10 7 20 -4
2 10 8 28 -21
2 10 9 38 -62
2 11 -8 21 23
2 11 -7 30 -41
2 11 -6 50 -50
2 11 -5 25 12
2 11 -4 20 -9
2 11 -3 82 79
2 11 -2 34 —41
2 11 -1 31 33
2 11 0 54 66
2 11 1 109 -95
2 11 2 75 57
2 11 3 77 88
2 11 4 112 119
2 11 5 50 61
2 11 6 53 81
3 0 -20 17 -9
3 0 -18 109 74
3 0 -16 180 -154
3 0 -14 145 93
3 0 -12 57 -17
3 0 -10 123 -93
3 0 -8 234 210
3 0 -6 167 -134
3 0 -4 175 189
3 0 -2 591 -518
3 0 0 486 624
3 0 2 160 -146
3 0 4 149 -132
3 0 6 81 -50
3 0 8 192 -152
3 0 10 233 -199
3 0 12 308 -291
3 0 14 43 55
3 0 16 16 3
3 1 -21 59 -60
3 1 -20 44 38
3 1 -19 23 4
3 1 -18 65 -54
3 1-17 49 -40
3 1 -16 67 56
3 1 -15 59 12
3 1 -14 113 -79
3 1 -13 65 -47
3 1 -12 49 -27
3 1 -11 109 79
3 1 -10 339 299
3 1 -9 319 269
3 1 -8 121 -96
3 1 -7 78 -60
3 1 -6 223 189
3 1 -5 201 170
3 1 -4 191 161
3 1 -3 277 294
3 1 -2 542 686
3 1 -1 303 331
3 1 0 49 -48
3 1 1 46 -4
3 1 2 168 181
3 1 3 140 -104
3 1 4 159 121
3 1 5 43 42
3 1 6 133 -122
3 1 7 23 -7
3 1 8 119 -59
3 1 9 67 49
3 1 10 69 -38
3 1 11 80 73
3 1 12 187 156
3 1 13 37 -27
3 1 14 31 43
3 1 15 14 -4
3 1 16 60 57
3 1 17 18 -11
3 2 -21 56 -58
3 2 -20 24 0
3 2 -19 18 -9
3 2 -18 50 -2
3.2 -17 39 -21
3 2 -16 48 31
3 2 -15 35 —25
3 2 -14 167 -138
3 2 -13 198 179
3 2-12 79 48
3 2 -11 51 20
3 2 -10 113 90
3 2 -9 168 142
3 2-8 131 95
3 2 —7 173 -148
3 2 —6 184 -136
3 2 —5 291 277
3 2 —4 233 221
3 2 —3 57 -83
3 2 —2 98 4
3 2 -1 142 -92
3 2 0 274 -299
3 2 1 270 -258
3 2 2 65 -29
3 2 3 180 -133
3 2 4 167 -135
3 2 5 182 146
3 2 6 101 62
3 2 7 68 -45
3 2 8 169 -126
3 2 9 48 11
3 2 10 200 168
3 2 11 214 -168
3 2 12 69 -3
3 2 13 133 -96
3 2 14 41 -52
3 2 15 107 -96
3 2 16 25 -9
3 2 17 30 -21
3 3 -20 55 58
3 3 -19 77 62
3 3 -18 74 -66
3 3 -17 71 5
3 3 -16 80 -71
3 3 -15 62 -27
3 3 -14 84 54
3 3 -13 167 153
3 3 -12 227 196
3 3 -11 221 -186
3 3 —10 183 -'146
3 3 -9 135 -92
3 3 -8 30 -9
3 3 -7 159 -131
3 3 -6 95 -54
3 3 -5 51 38
3 3 —4 236 —219
3 3 -3 370 -345
3 3 -2 353 -349
3 3 -1 318 -295
3 3 0 125 -90
3 3 1 333 323
3 3 2 191 —155
3 3 3 50 -43
3 3 4 280 -234
3 3 5 169 120
3 3 6 116 80
3 3 7 104 -73
3 3 8 38 -17
3 3 9 18 -3
3 3 10 49 -15
3 3 11 146 -128
3 3 12 86 -58
3 3 13 48 -7
3 3 14 151 119
3 3 15 125 109
3 3 16 42 14
3 3 17 15 35
3 4 -20 65 -42
3 4-19 158 142
3 4 -18 75 -8
3 4 -17 112 90
3 4 -16 55 14
3 4 -15 202 169
3 4 -14 311 263
3 4 -13 76 38
3 4 -12 199 -147
3 4-11 143 90
3 4-10 104 54
3 4 -9 98 69
3 4 -8 142 -102
3 4- -7 128 -91
3 4 -6 54 27
3 4 -5 134 99
3 4 -4 47 -15
3 4 -3 89 -40
3 4 —2 6 3 —37
3 4 -1 194 134
3 4 0 221 185
3 4 1 142 —116
3 4 2 199 -149
3 4 3 51 21
3 4 4 202 165
3 4 5 73 -53
3 4 6 68 22
3 4 7 27 -21
3 4 8 48 54
3 4 9 79 71
3 4 10 84 57
3 4 11 122 85
3 4 12 166 134
3 4 13 251 212
3 4 14 95 63
3 4 15 139 126
3 4 16 50 -45
3 5 -19 48 —54-
3 5 -18 4-1 47
3 5 -17 60 41
3 5 -16 60 46
3 5 -15 36 -19
3 5 -14 57 -41
3 5 -13 89 -70
3 5 -12 220 -194
3 5 -11 86 -65
3 5 -10 131 93
3 5 -9 44 8
35-8 278 -247
3 5 -7 51 -23
35-6 123 -80
35-5 121 -109








3 5 4 183 145
3 5 5 119 97
3 5 6 177 -145
3 5 7 110 -87
3 5 8 43 25
3 5 9 64 -34
3 5 10 28 0
3 5 11 134 111
3 5 12 15 -6
3 5 13 51 -38
3 5 14 147 -134
3 5 15 59 -66
3 6 -18 32 25
3 6-17 93 -84
3 6 -16 44 -43
3 6 -15 90 -80
3 6 -14 45 -41
3 6-13 63 -45
3 6 -12 57 35
3 6 -11 34- -9
3 6 -10 146 -119
3 6 -9 35 -35
3 6 -8 165 -136
3 6 -7 120 94
3 6 -6 110 73
3 6 -5 83 -55
3 6 -4 49 7
3 6 --3 95 -82
3 6 -2 172 -143
3 6 -1 47 30
3 6 0 48 16
3 6 1 235 220
3 6 2 325 311
3 6 3 106 74
3 6 4 120 84
3 6 5 74 52
3 6 6 107 67
367 34 2
3 6 8 55 47
3 6 9 58 36
3 6 10 60 40
3 6 11 40 -33
3 6 12 52 -43
3 6 13 76 -53
3 6 14 38 39
3 7 -17 31 -36
3 7-16 50 -26
3 7 -15 86 50
3 7 -14 81 72
3 7 -13 49 32
3 7 -12 83 -56
3 7 -11 99 -89
3 7 -10 39 -11
37-9 62 -32
3 7 -8 235 207
3 7 -7 174' -126
3 7 -6 27 2 24-0
3 7 -5 30 12
37-4 243 197
3 7 -3 85 -55
37-2 167 135
3 7 -1 204 149
3 7 0 529 538
3 7 1 104 66
3 7 2 234 179
3 7 3 35 -10
3 7 4 103 76
375 34 9
3 7 6 39 8
3 7 7 61 20
3 7 8 108 79
3 7 9 78 43
3 7 10 17 2
3 7 11 19 -5
3 7 12 24 -22
3 7 13 22 23
3 8 —15 48 -38
3 8 -14 76 -49
3 8 -13 261 -239
3 8 -12 141 -100
3 8 -11 122 -85
3 8 -10 134 87
3 8 -9 142 -94
3 8 -8 199 159
3 8 _7 96 -88
3 8 -6 133 -89
3 8 -5 50 25
3 8 -4 35 7
3 8 -3 55 -23
3 8 -2 69 46
3 8 -1 24 18
3 8 0 17 -9
3 8 1 172 -159
382 259 -222
3 8 3 4-0 40
3 8 4 5 2 -24
3 8 5 79 -66
3 8 6 80 37
3 8 7 83 -71
3 8 8 51 -53
3 8 9 37 -27
3 8 10 37 -11
3 8 11 64 -52
3 8 12 28 21
3 9 -13 14 -3
3 9 -12 59 58
3 9 -11 179 143
3 9 -10 195 155
3 9 -9 61 32
3 9 ~8 6 2 -25
3 9 -7 137 100
3 9-6 67 -35
3 9 —5 86 64
3 9 -4 84 —50
3 9 -3 33 21
3 9 —2 27 -3
3 9 -1 34 15
3 9 0 68 -58
3 9 1 71 43
3 9 2 29 22
3 9 3 73 48
3 9 4 157 115
3 9 5 114 -78
3 9 6 29 -17





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































4 4 9 54 -23
4 4 10 34 -20
4 4 11 61 -56
4 4 12 69 -67
4 4 13 43 33
4 4 14 109 128
4 5 -18 10 -5
4 5 -17 19 -7
4 5 -16 55 47
4- 5 -15 114 111
4 5 -14 119 95
4 5 -13 134 -121
4 5 -12 109 92
4 5 -11 135 110
4 5 -10 98 85
4 5 -9 104- 96
45-8 148 123
4 5 -7 49 -17
4 5 -6 104 -86
4 5 -5 30 -25
4 5 -4 83 -66
4 5-3 18 -2
4 5 -2 72 57
45-1 127 121
4 5 0 82 60
451 325 -337
4 5 2 32 22
4 5 3 14 14
4 5 4 139 124
4 5 5 102 91
4 5 6 75 75
4 5 7 101 89
4 5 8 19 18
4 5 9 44 24
4 5 10 58 47
4 5 11 95 95
4 5 12 126 127
4 5 13 111 119
4 6 -17 12 -10
4 6 -16 18 -9
4 6 -15 34 23
4 6 -14 12 6
4 6 -13 23 -10
4 6 -12 37 —26
4 6 -11 43 37
4 6 -10 73 -59
46-9 152 -152
46-8 303 -309
4- 6 -7 73 -58
46-6 171 -166
4 6 -5 62 -43
4 6 -4 130 -107
4.6 -3 165 -159
4 6 -2 30 -29
4 6 -1 194 -192
4 6 0 80 -68
461 217 -203
4 6 2 84 -64
4 6 3 80 76
4 6 4 43 31
4 6 5 57 -55
4 6 6 70 -65
4 6 7 42 42
4 6 8 37 40
4 6 9 15 -23
4 6 10 22 12
4 6 11 14 8
4 6 12 20 5
4 7 -16 69 70
4 7 -15 53 -51
4 7 -14 69 -59
4 7 -13 66 53
4 7 -12 35 19
4 7 -11 16 -8
4 7 -10 219 -213
4 7 -9 16 -7
4 7-8- 140 -123
4 7 -7 76 56
4 7 -6 107 82
4 7 -5 27 25
4 7 -4 27 10
4 7 -3 58 -39
4 7 -2 60 44
4 7 -1 75 -58
470 134 -122
4 7 1 158 146
4 7 2 130 135
4 7 3 50 49
4 7 4 65 -60
4 7 5 70 56
4 7 6 31 6
4 7 7 17 -2
4 7 8 17 21
479 16 8
4 7 10 18 4
4 7 11 23 —46
4 8 -14 16 -10
4 8 -13 39 38
4 8 -12 16 -18
4 8-11 40 -24
4 8 -10 21 21
4 8 —9 43 42
48-8 157 158
4 8 —7 35 -39
48-6 158 155
4 8 —o 13 —11
4 8 —4 35 40
48-3 16 1
4 8 -2 83 86
4 8 -1 72 74
4 8 0 24 35
4 8 1-5- 54 35
4 8 2 16 -2
4 8 3 86 80
3~ 8 4 61 -50
485 53- 48
4 8 6 54 15
4 8 7 29 -37
4 8 8 21 -10
4 8 9 8 -6
4 9 -12 45 -46
4 9-11 51 -49
4 9 -10 9 7
4 9 ~9 27 -28
4 9 -8 30 32
4 9 -7 45 -43
4 9 -6 29 23
4 9 -5 29 14
4 9 —4 42 —29
4 9 -3 15 -19
4 9 -2 11 19
4 9 -1 40 27
4 9 0 16 -11
4 9 1 57 11
4 9 2 6 2 -8
493 53 2
4 9 4 105 88
4 9 5 75 -77
4 9 6 88 77
4 9 7 74 -80
4 10 -9 72 -103
4 10 -8 41 34
4 10 -7 53 51
4 10 -6 39 40
4 10 -5 58 -55
4 10 -4 20 -12
4 10 -3 29 16
4 10 -2 26 28
4 10 -1 14 -17
4 10 0 46 43
4 10 1 8 8
4 10 2 126 119
4 10 3 19 -34
4 10 4 69 101
5 0 -20 30 106
5 0 -18 126 129
5 0 -16 11 10
5 0 -14 32 -15
5 0 -12 267 276
5 0 -10 51 45
5 0 -8 180 —211
5 0 -6 103 110
50-4 117 102
5 0 -2 28 -27
5 0 0 53 -41
5 0 2 448 558
5 0 4 289 318
5 0 6 47 4-5
5 0 8 114 120
5 0 10 85 61
5 0 12 43 53
5 1—19 ,(0— 7].
5 1 -18 89 -64
5 1 -17 59 -45
5 1 -16 17 -10
5 1 -15 33 27
5 1 14 91 -«6 9
5 1 -13 110 -97
5 1-12 82 91
5 1-11 128 -113
5 1 -10 268 -304
5 1 -9 234 -263
51-8 112 111
5 1 —7 34 —12
5 1 38 19
5 1 -5 192 -207
5 1 -4 172 177
5 1—3 32 7
5 1 —2 137 139
5 1 -1 101 -100
5 1 0 313 342
5 1 1 197 -207
5 1 2 323 373
5 13 81 -62
5 1 4 72 -86
5 1 5 68 -74
5 1 6 65 49
5 1 7 40 48
5 18 18 -11
5 1 9 37 -6 2
5 1 10 68 60
5 1 11 52 34
5 1 12 27 -30
5 1 13 12 4
5 2 -19 103 -111
5 2 -18 52 -54
5 2 -17 142 -134
5 2-16 38 14
5 2 -15 134 -118
5 2 -14 73 69
5 2 -13 268 -281
5 2 -12 142 -132
5 2 -11 220 -226
5 2 -10 134 -144
5 2 -9 37 -34
5 2 -8 222 201
52-7 26 -23
5 2 -6 85 -71
5 2 -5 95 78
5 2 -4 82 -68
5 2 -3 97 -89
5 2 -2 38 35
5 2 -1 24 19
5 2 0 30 23
5 2 1 36 -26
522 239 -240
5 2 3 202 187
5 2 4 90 -83
5 2 5 126 141
5 2 6 84 80
5 2 7 76 76
528 26 6
5 2 9 25 22
5 2 10 42 -27
5 2 11 13 3
5 2 12 88 73
5 2 13 37 -74
5 3 -19 84 96
5 3 -18 12 4
5 3 -17 88 73
5 3 -16 63 53
5 3 -15 21 -27
5 3 -14 18 -5
5 3 -13 144 121
5 3 -12 68 -53
5 3 -11 228 232
5 3 -10 88 76
5 3 -9 80 74
5 3 -8 91 99
5 3 -7 91 80
5 3 —6 44 -24
5 3 -5 70 71.
5 3 -4 35 18
5 3 -3 24 -13
5 3 -2 22 19
5 3 -1 25 -16
5 3 0 34 33
5 3 1 180 175
5 3 2 57 44
5 3 3 259 252
5 3 4 102 95
5 3 5 22 -35
536 31 0
5 3 7 21 21
5 3 8 32 -38
5 3 9 22 5
5 3 10 29 18
5 3 11 21 -20
5 3 12 51 23
5 4 -18 48 -55
5 4 -17 74 64
5 4 -16 42 48
5 4 -15 71 61
5 4 -14 156 -170
5 4 -13 106 108
5 4 -12 72 61
5 4 -11 50 -32
5 4 -10 50 44
5 4 -9 27 -39
5 4 -8 110 -102
5 4 -7 24 28
5 4 -6 53 54
5 4 -5 47 -35
5 4 -4 71 -72
5 4 -3 43 45
5 4 _2 154 167
5 4 -1 32 5
5 4 0 195 -226
5 4 1 126 145
5 4 2 40 37
5 4 3 82 -89
5 4 4 203 -211
5 4 5 126 -134
546 167 -153
5 4 7 52 -59
5 4 8 58 -50
5 4 9 21 -17
5 4 10 53 -56
5 4 11 41 29
5' 4 12 36 -63
5-5 —17 38 21
5 5 -16 8 2
5 5 -15 57 -51
5 5-14 44 -21
5 5 -13 26- 9
5 5 -12 68 58
5 5 -11 83 -90
5 5 -10 94 -71
55-9 272. 269
5 5 -8 39 37
5 5 -7 159 160
5 5 -6 21 -26
5 5 -5 68 52
5 5 -4 32 -26
5 5 -3 133 134
5 5 -2 163 -151
5 5 -1 188 189
550 180 -188
5 5 1 28 9
5 5 2 77 -77
5 5 3 130 -140
554 127 -120
5 5 5 37 32
5 5 6 42 55
5 5 7 37 19
5 5 8 31 -25
559 16 4
5 5 10 11 -4
5 5 11 10 -2
5 6 -16 49 -52
5 6 -15 25 -26
5 6 -14 29 18
5 6 -13 89 88
5 6-12 34 24
5 6 -.11 122 111
5 6 -10 33 15
56-9 109 111
5 6 -8 90 80
5 6 -7 48 -41
5 6 -6 25 4
5 6 -5 59 -54
5 6 -4 58 -56
5 6 -3 57 46
5 6 -2 36 -35
5 6 -1 29 -45
5 6 0 141 128
5 6 1 35 -21
5 6 2 116 99
5 6 3 38 -23
5 6 4 67 49
5 6 5 67 66
5 6 6 27 22
5 0 7 21 15
568 10 7
5 6 9 12 2
5 6 10 24 -52
5 7 -14 37 37
5 7 -13 19 -23
5 7 -12 61 -58'
5 7 -11 23 39
5 7 —i 0 14 46
5 7 -9 177 -174
5 7 -8 6 9 -70
5 7 —7 102 -85
5 7 -6 40 -36
rt '7 rx y o Q O(j{ —O i O— O O
5 7 —4 46 38
5 7 -3 31 26
5 7 -2 170 136
5 7—- J. b 8 -5 2
5 7 0 104 99
5 7 1 38 -37
5 7 2 40 -2
5 7 3 35 37
5 7 4 19 12
5 7 5 50 -64
5 7 6 12 3
5 7 7 40 30
5 7 8 15 13
5 8 -12 20 -29
5 8 -1.1 10 -5
5 8 -10 8 -2
5 8 -9 30 -32
58-8 10 -13
5 8 -7 34 36
58-6 12 -21
58-5 11 -16
5 8 -4 24 28




5, 8 1 29 -28
5 8 2 62 -70
5 8 3 78 -76
5 8 4 15 17
5 8 5 19 17
586 10 9
5 9 -9 16 -24
5 9 -8 30 36
5 9-7 10 2
5 9 -6 44 -43
5. 9 -5 12 -5
5 9-4 11 -6
5 9 -3 63 -69
5 9 -2 88 -95
5 9 -1 82 -71
5 9 0 38 -35
5 9 1 12 21
5 9 2 20 15
5 9 3 17 29
6 0 -18 55 69
6 0 -16 16 42
6 0 -14 21 20
6 0 -12 24 34
6 0 -10 31 -7
60-8 258 -301
6 0-6 298 -362




6 0 4 33 -26
6 0 6 27 -22
6-0 8 17 -13
6 0 10 32 38
6 1 -18 24 61
6 1 -17 32 43
6 1 -16 31 61
6 1 -15 21 6
6 1 -14 21 -11
6 1 -13 77 92
6 1 -12 54 -59
6 1 -11 28 23
6 1 -10 18 0
6 1 -9 134 164
6 1 -8 163 -204
6 1 -7 26 -8
6 1 -6 154 171
6 1 -5 35 -29
6 1 -4 54 6 2
61-3 23 -23
6 1 -2 92 109
6 1-1 23 -33
6 1 0 32 -75
6 1 1 27 -23
6 1 2 106 117
6 1 3 89 -109
6 1 4 44 6 2
6 1 5 27 30
6 1 6 41 -36
6 1 7 24 16
6 18 31 28
6 19 15 -13
6 1 10 14 -23
6 2 -18 14 -49
6 2 -17 54 -57
6 2 -16 41 -38
6 2 -15 72 -84
6 2 -14 21 -36
6 2 -13 86 89
6 2 -12 93 91
6 2-11 29 -40
6 2 -10 34 -63
6 2-9 17 -16
6 2-8 204 207
6 2 -7 163 -157
6 2 -6 135 124
6 2 -5 97 -108
6 2 -4 113 86
6 2 -3 35 -37
6 2 -2 52 45
6 2-1 110 -102
6 2 0 91 67
6 2 1 58 -39
6 2 2 74 70
6 2 3 68 -64
6 2 4 133 -129
6 2 5 57 72
6 2 6 88 98
6 2 7 68 -54
6 2 8 23 -13
629 12 0
3 2 10 12 20
6 3-17 18 -28
6 3 -16 13 -20
6~ 3 -15 28 -33
6 3 -14 132~ 129
6 3 -13 30 26
6 3 -12 18 -14
6 3-11 36 -19
6 3-10 41 -47
63-9 115 -104
6 3 -8 27 23
6 3 —7 102 -94
6 3 -6 37 21
6 3 -5 82 58
6 3 -4 30 1
6 3 -3 93 81
6 3 -2 83 -73
6 3 -1 91 -64
6 3 0 80 68
6 3 1 68 75
6 3 2 28 -29
6 3 3 60 38
6 3 4 103 103
6 3 5 53 -32
6 3 6 135 140
6 3 7 86 -76
6 3 8 6 2 61
6 3 9 35 -28
6 3 10 9 32
6 4 -16 23 -15
6 4 -15 34 32
6 4 -14 84 68
6 4 -13 98 -64
6 4 -12 181 -162
6 4 -11 166 —127
6 4 -10 157 133
6 4 -9 194 -175
6 4-8 111 98
6 4 -7 113 -92
64-6 33 7
64-5 58 3
6 4 -4 50 64
6 4 -3 72 -65
6 4 -2 41 19
6 4 -1 53 -49
6 4 0 113 119
6 4 1 36 -22
6 4 2 32 26
6.4 3 24 0
6 4 4 183 165
8 4 5 43 -33
6 4 6 38 -8
6 4 7 30 -15
6 4 8 42 -50
649 12 2
6 5 -15 18 -16
6 5 -14 15 -19
6 5 -13 109 -118
6 5 -12 74 64
6 5 -11 149 -141
6 5 -10 136 156
6 5 -9 67 -71
6 5 —8 5 3 —44
65-7 122 139
6 5 —6 79 -68
6 5 —5 56 —60
6 5 -4 15 2
6 5 -3 32 32
6 5-2 18 16..
6 5 -1 20 -11
6 5 0 42 -38
6 5 1 80 75
6 5 2 33 -15
6 5 3 58 -23





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































8 2 -8 69 105
8 2 -7 19 38
8 2 -6 38 31
8 2 -5 18 34
8 2 -4 11 16
8 2 -3 44 52
8 2 -2 31 90
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